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FOREWORD 

This report was prepared by personnel in the Engineering Sciences 

Section of the Lockheed Missiles & Space Company, Inc., Huntsville Research 

& Engineering Center, Huntsville, Alabama, for the Air Force Flight Dynamics 

Laboratory, Wright-Patter son Air Force Base, Ohio.    The computer programs 

were developed under Project 1370, "Dynamic Problems in Flight Vehicles," 

Task 137004, "Design Analysis," Contract F33615-75-C-3125.    Capt. Gerald 

Van Keuren, AFFDL/FBR, is the Air Force Project Engineer. 

s 

S. T.K. Chan was the principal investigator for the study, and H.C. Chen, 

as co-investigator, contributed to the development of the numerical solution 

method  and developed most of the necessary computer programs.    The study 

was conducted under the supervision of M.R. Brashears and B.H. Shirley. 

The authors submitted this report in March 1976 as an AFFDL technical 

report to cover research performed from July 1975 to March 1976.    The theory 

and numerical solution method for the present computer program is documented 

as AFFDL-TR-76-49. Vol.1. 
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SECTION I 

INTRODUCTION 

In recent years, significant progress has been made toward developing 

a useful method for predicting steady transonic airloads over airfoils and to 

some degree for finite wings.   Despite this progress, however, very few satis- 

factory methods have evolved for calculating both steady and unsteady transonic 

flows, as evidenced in a survey paper by Bland (Ref   1).    Only recently have 

numerical solutions via the finite difference technique been presented for 

two-dimensional airfoils executing harmonic motion.    More  recently,   the 

finite element method has also been applied successfully to solve transonic 

flow problems (Refs.2 and 3). 

In the present study, the finite element technique is extended to compute 

both steady and unsteady transonic flows over lifting airfoils, based on small 

perturbation theory.    Unlike most existing techniques for solving the small 

disturbance potential equation, the present approach solves directly the un- 

steady, nonlinear transonic flow equation, with both time derivative terms 

retained.    Thus the present algorithm can be applied to compute a much 

wider class of transonic flow problems, including steady, oscillatory or 

transient solutions, either with or without angle of attack.    For oscillatory 

flow, no assumption is made regarding the oscillating frequency, nor is the 

unsteady perturbation necessarily small  compared to the mean  steady 

s olution. 

The present numerical algorithm was developed using the concept of 

finite elements in conjunction with the method of weighted residuals.    With 

the present approach, the embedded shocks are smeared.    Also, a patching 

technique has been developed to match the finite element solution constructed 

in a moderately large domain with an asymptotic solution for the far field to 

avoid the necessity of using a very large domain otherwise needed in com- 

putations.   The basic element presently used is the product of an element 

- -■-'-■'■"-■^iiiiiir'M änm tavMimttt-'iTtüSMimiM^^^^^^- -' ä  mai^utimtattttlmä .             .„^...-L.^ .„^■^>„J. -: >,...     ..-^ 
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in space and an element in time.    The former has a cubic expansion inside 

the element,  with  nodal   unknowns  representing the perturbed velocity poten- 

tial and the two perturbed velocity components; while the latter is a quadratic 

Lagrangian element.   The resulting system of algebraic equations, which relates 

the current time step solution to solutions at two previous time steps, is banded 

and can be solved conveniently by Gaussian elimination. 

Several aspects of the present numerical algorithm are discussed here- 

in.    The small disturbance potential equation with associated boundary condi- 

tions and the related secondary unknowns are summarized in Section II.   The 

numerical procedures employed in the present  approach  are  discussed  in 

Section III.    More detailed discussion on the theory and the numerical solution 

method is presented in the first volume of the present report.    In Section IV, 

the two parts of the computer code, namely, UTRANL-I and UTRANL-H are 

described separately, in the aspects of scope and flow chart, description of 

variables, subroutines used, and finally input and output.    Two sample cases 

are given in Section V to demonstrate how to use these computer programs. 
which are listed in the Appendixes. 
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SECTION n 

THEORY - ASSUMPTIONS AND BASIC EQUATIONS 

The objective of the present study was to develop an efficient and accu- 

rate numerical algorithm for the analysis of &teady and unsteady (oscillatory 

and transient) transonic flows over thin airfoils.    With this objective in mind, 

ehe formulation was therefore based on the small disturbance but nonlinear 

transonic potential equation for inviscid, compressible fluid.    The embedded 

shock is assumed to be weak and boundary layer effects are neglected.    With 

these assumptions, the transonic flow problems under consideration can be 

stated in the following mathematical form. 

Differential Equation 

L(</)) - fl - M2   - M2   (y+1) </)     1 (/>        + <f>        - ZMZ  4    t - M2   *       = 0        (1) 
L oo oo w       '    ,xj    ,xx       ,yy oo     , xt oo    ,tt v   ' 

Boundary Conditions 

•   Vanishing of disturbance at the far field, that is, at infinity 

V0   =   0 

Flow tangency condition on the airfoil surface. 

0      =6(h      +h.) + g      (1 + ^     ) ,y ,x        ,t'     6,x ,x/ 

(2) 

(3) 
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•   Unsteady Kutta condition in the wake to ensure pressure being 
continuous in the vortex sheet, namely, 

I 

I 

(4a) 

and 

(4b) 

In the above, (j) = perturbed velocity potential function, M     = freestream Mach 

number, Y = ratio of specific heats, taken to be 1.4 for air, g = geometry of 

the airfoil with angle of attack included, 6 = amplitude of oscillation and   h = 

function describing the airfoil oscillation.    Equation (1) is in dimensionless 

form and the x-axis is aligned with the undisturbed flow direction.    The dimen- 

sional (with primes) and nondimensional quantities are related by 

x' 
T'   y IL 

u 
t = t' 

00 and  (j) 
U    c 

oo 
(5) 

where  c  and  U     are the characteristic length and speed, which are currently 
00 

tak^n as the chord length and the freestream speed, respectively.      Conse- 

quently, the characteristic time is 
U 

which is the time needed for flow at 
00 

freestream speed to travel one chord length. 

In actual computations, because only a finite domain can be considered 

in the analysis, an appropriate asymptotic solution instead of Eq. (2) must be 

imposed on the outer boundary of the finite element mesh.   The  asymptotic 

solution for a two-dimensional airfoil in steady flow has been derived by 

Klunker (Ref. 4) as 

* r 
2ir 

j sgn(y) + tan 1 (fv)] 

-^ 

. 
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" mmmmmmm mmmmmmM'..v*">'r.-■ - , ......i ........      >>.   ulmm. ™^«"-'" 

■  ■ 

+  1^ 7777 / 
g(e) ^ 

M^ (l+y) 

47rß /•■ (x-^ T dA 

(x - e)z + ß  <y -r|) 
(6) 

;• 

The first term on the right-hand side corresponds to a free vortex and repre- 

sents the lifting effects; the second term corresponds to a source distribution 

whose strength is related to the airfoil thickness distribution  g(x); and the 

third term, which arises from the nonlinearity of the flow equations, has the 
2 

form of a doublet with its strength given by the local value of u    and is to be 

integrated over the flow domain under consideration.    Klunker also showed 

that the contributions from the thickness and the area integrals are of higher 

order effects.    For these reasons, only the first term is used currently for 

the far field in computing flow over lifting airfoils. 

Figure 1 shows the flow field, together with the unsteady transonic 

governing equation and corresponding boundary conditions, in a finite domain 

used in computations.    Numerical experimentations indicate that a flow region 

with H > 2.5c  is generally required to yield solution with adequate accuracy. 

For flow with higher freestream Mach number, the flow region should be ex- 

tended somewhat to account for effects from the enlarging supersonic flow 

pockets. 

Once the flowfield solution in terms of the perturbed velocity potential 

has been obtained, all secondary unknowns can be calculated subsequently. 

These include 
2 

a   = 
r-i 

M   =    — 
V 
a 

2 2 
(U     - V oo 

20     U   ) + 
, t     oo 

U 
00 

M 
00/ 

1/2 

(7) 

(8) 

■      .   -. 
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symptotic Solution 

L ((/>) = 0 

y       -y 
4»      = 6 (h     +h J + g , , 
,y      'x   ''    'x   *+  *t + *^«% + *\ 

Figure 1  - Schematic of Flow Field 
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JB. 
1 

l+^M: y-l 

(9) 

C     =   2(/> .    -   2</) 
p i ^ > x 

(10) 

In the above, U     = 1. the norma 
lized freestream speed,  a = local speed of 

00 h number, V = the total velocity,  P = local static pressure. 
sound. M = local Mac 
p    = stagnation pressure and Cp = pressure coefficient. 

% 

rtmv *ltUM nrnw^m »MM 

•»«■■MÄWenl **i«•"i'■,■ 
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SECTION III 

NUMERICAL SOLUTION PROCEDURES 

The concept of finite elements in conjunction with the least squares 

method of weighted residuals (MWR) is the basis of the present numerical 

procedures in solving the small disturbance unsteady transonic flow equation. 

The use of the least squares formulation ensures that the resulting matrix 

is positive definite and well conditioned.    The numerical procedures including 

the finite element formulation, element description, the imposition of boundary 

conditions, and time marching procedures are described in the following sub- 

sections. 

1.      FINITE ELEMENT FORMULATION 

The finite element method, in conjunction with the least squares method 

of weighted residuals, is used herein to solve numerically the unsteady small 

perturbation transonic equation.    In this approach, a set of locally defined trial 

functions with undetermined parameters is assumed as the appi-oximate solu- 

tion, and the integral expression for the square of errors committed by the 

approximate solution is formulated.    Then the integral of square errors in 

the time-space domain is minimized wtih respect to the undetermined param- 

eters to yield a system of algebraic equations.    In actual computations, the 

minimization process is performed at the element level and then an assembling 

process is invoked to obtain the system of algebraic equations. 

Written in the usual manner with repeated indices implying summation, 

the approximate solution has the following form 

«Z1 = N. M,   ^     (i = 1 to n,  k = 1 to 3) 
i      k    i       ' (ID 

■ 

a.:^^^,:^jiaJ^l»ja^aM^MU^B£iafc;,,.,..,j- ■■;.^. 
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where 

and 

N.   =   N. (x,y) 

Mk = Mk(t) 

(12) 

(13) 

Herein. N. = shape functions in space. Mk = shape functions in time. ^ = the 

undetermined parameter at node i and time level k. and n = total number 

of unknown parameters at one time level;  three time levels  are  involved 

in the time marching process.    As discussed in the first volume of thas re- 

port, for stability reasons, the resulting residual is  modified to take the 

following form 

where 

3        k jk 
(a N.        + N.     J ^ - B; ''i v       j.xx        j,yy     J        J    J 

B-   -K^k.t^.x + ^.tt^ 

(14) 

(15) 

and  a is approximated by 

a =  (l-M^)-M2(l+r)Np>x^ (16) 

From the expression 

obtained as 

of R, an integral expression for the square errors it 

Upon minimi 

level k = 3. one obtains 

X     =   ff  R2dAdt (17) 

zation of X with respect to the undetermined parameters at time 

9<4: 

I 
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letting 

W. aR 

?</>: 
I   =    (aNi  xx + Ni   w) - B.  - M" (1+ y) N.       N4 < 3 i.xx i,yy i oo v i,x    jf.xx   i (19) 

the resulting system of algebraic equations then becomes 

//Wi[(aNj. xx + \yy>-B'KdAdt=0 (20) 

Or in the form of a recurrence relationship, as 

where 

sii *;= h (21) 

S
H   

:s   l/w, faN.        + N.        - B31   dAdt lJ     JJl1    I.5«      j.yy      jJ (22) 

and 

L.  =   -^jTw. [aN.^ + N.(yy - B^] ^k dAdt,  k = 2. 3 (23) 

Equation (21) will be used to solve for  (/)3 in terms of (h1 and <t>Z. 
j J j 

As stated earlier, the system matrix is obtained by combining appropriate 

contributions from all the elements.    The element matrices, in turn, are eval- 

uated effectively by numerical integration to avoid the tedious and error prone 

algebraic manipulations.    The Gaussian quadrature presently used has seven 

points in the spatial direction,   and two   points  in  the  time  direction.    This 

10 
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quadrature formula can integrate exactly the product of a quintic polynomial 

in space and a cubic polynomial in time. 

2.      ELEMENT DESCRIPTION 

The basic element presently used is the product of an element in space 

and an element in time.    For the finite element approximation in the spatial 

directions, the nonconforming cubic triangular elements developed by Bazeley 

et al. (Ref. 5) are used.    Also used in the program are quadrilateral elements 

constructed from these triangular elements.    The element in time is a quad- 

ratic Lagrangian element. 

The basic triangular element is shown in Fig. 2, which at each vertex 

has the function itself and its two first derivatives (velocity components) as 

undetermined parameters.    This type of element was adapted mainly because 

boundary conditions of both Dirichlet and Neumann types can be imposed with 

3   (^3(u3,v3) 

2   {^2'u2'v2^ 

1 (* i'vV 

Figure 2 - Triangular Element with Undetermined Parameters 
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equal convenience.    In addition, because velocities at nodes are treated as 

primary unknowns, secondary unknowns such as local Mach number, and 

pressure coefficients,  etc., can be computed directly without resorting to 

numerical differentiation and thus assuring higher accuracy.    Furthermore, 

the use of higher order elements can usually improve computational effi- 

ciency as evidenced in most finite element analyses. 

In the element, the approximate solution is assumed as 

N. tf.    (i   =   1 to 9) (24) 

in which ^.'s are the nine undetermined parameters of 0 and its first deriva- 

tives at the nodal points as shown in the figure and N.'s are the corresponding 

shape functions, which are expressed in terms of area coordinates. 

Defined in the following are these shape functions and their first and 
second derivatives. 

Letting 

a. = x.y    - x. y. 
i        j'k        kyj 

b. = y. - y, 
i     'j     yk 

c.  = x,   - x. 
i        k i 

A =area of triangle 1-2-3 = (b.c,   - b,c.)/2 
jk      -V-j' 

a = 0.5 (ck-c.) 

ß =0.5(^-1^) 

V-Vj'k+VkSi+Vi'j 
Hy ' ci¥k +'j^, + Wj 

Hxx • «iiVk+ 'jVi+ Wj' 
Hyy = »»i'j'k + 'j Vi + ^kVj' 

12 
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with i=(l12.3),j = (2>3)l), k=(3,l12), then one has 

for 18(1,4.7). i=(l,2,3), 

:s 

IM 

Nl = ^ (3-2^) + 2H 

Ni.xx-^r [^<1-«P + ai»l ,'xx     (2A) 

yy     (2A) 

for 1=(2,5,8).  i=(l,2,3) 

for i=(3,6,9),  i=(1.2,3) 

13 
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(2A)' 

The undetermined parameters are arranged in the order of  «frj, u^ Vj, *2, u2. 

v2' ^3' U3  and  V3' 

The elements constructed from the basic triangular elements are shown 

in Fig. 3 which are also used in the program.    The quadrilaterals are used to 

save input data otherwise necessary, while the trapezoidals can be used to 

eliminate bias effects and to remove the improper upwind influence from the 

downwind station in the calculation of steady transonic flow.    The element 

matrix for a quadrilateral is obtained by combining approximately the matrices 

for two triangles, while the matrix for a trapezoidal element is obtained by 

combining and averaging contributions from four (two left-running and two right 

running) triangles.    In any event, the present program selects automatically 

the type of element to use, according to the flow behavior in the element. 

For the finite element approximation in time, the one presently used is 

a quadratic element using Lagrangian interpolation, as shown in Fig. 4.    In the 

element, the approximate solution at node i is assumed as 

*i = Mk *r 

14 

(25) 
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a.   Quadrilateral Element b.   Trapezoidal Element 

Figure 3  -  Elements Constructed from Ba.'ic Triangles 

Figure 4  - Shape Functions in Time 
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where the shape function M,   is defined as 
k 

k/j   \uk    vj 

The three shape functions in time are shown schematically Ln Fig.4, 

THE IMPOSITION OF BOUNDARY CONDITIONS AND TIME MARCHING 

As stated earlier, the imposition of boundary conditions for the present 

problem can be carried out conveniently because the elements presently used 

have function value and two first derivatives as primary unknowns.    The asso- 

ciated boundary conditions thus can be treated as the essential type, i.e., having 

prescribed values.    Standard finite element methodology is therefore followed 

by assembling first an unconstrained problem and then modifying the matrix 

equations accordingly. 

On the airfoil, the boundary condition of flow tangency is imposed.   This 

;omplisb 

generated by 

is accomplished by replacing the algebraic equation for 0      at node   i   originally 
> y 

(</.     )     =   6(h      +h    )   +g  x(l + ^     ) (26) 

where {(j>     ).   designates the unknown 0        at node "i".   A linearized boundary 

condition    is obtained by omitting  0        in the last term, which is to be imposed , x 
alo. ;.  the chordline. 

On the outer boundary of the finite element mesh, for computing steady 

flow, asymptotic solution in the form of Eq. (6) is imposed.    However, as it 

has been shown that, with a moderately large domain, the contribution from 

the thickness and the area integrals are of higher order effects, therefore 

only the first term representing the lifting  effect is incorporated in the 

present program.    The circulation strength, in turn, is updated systematically 

16 

..■■■»!.:■-:.-.. ^.y---,- ■pi-Jiiiii;ir:ii;"v"-  ■'■■i, ■■'■ ■■■■■■. x",-, ■■■,"■■"■"-.^. 
 --^.■..—^..    . 



 ' « nmirmm mmmh^mm umtmimmmr?    '■ • ■ 

according to the potential jump calculated at the trailing edge.    For unsteady 

flows, the circulation strength corresponding to mean steady flow is first 

computed and kept unchanged on the outer boundary.    For symmetric airfoil 

without angle of attack, the circulation is set equal to zero. 

The boundary conditions along the vortex wake, as defined by Eqs. (4a) 

and (4b), are imposed in the following way.    To impose the first condition for 

a pair of nodes along the wake, the two finite element equations generated 

originally for   (/.+    and f     are properly combined to yield one equation, while 
i x »x 

the equation for 4>+     is replaced by the following equation: 
t x 

.(3) O) .0) 
r,x ,x 3,t 

(3) 
«"      ) 

w   +
(2)        .-(1) JlK = M2 t(<r   - r   ) + M1(t(*    - <i>    ) (27) 

where  M is the shape function in time and the superscripts denote the time 

steps, while solutions for the first and the second time steps are known. 

The second condition. Eq. (4b), can be imposed in a similar fashion. 

This condition, within the limit of small perturbation assumption, will ensure 
that flows just above and below the branch cut are tangent to each other.   There- 

fore, flow at the branch cut behaves as an unsteady vortex sheet, and in the 

steady case this vortex sheet will vanish eventually. 

In the present program, no special efforts have been devoted to treat 

the leading edge singularity.    Any rigorous approach should consider also the 

invalidity of small perturbation theory in these regions, which is certainly 

beyond the scope of the present study.    Nevertheless, these regions are rela- 

tively small and the flow is usually subsonic in nature, which implies any error 

committed is generally localized and becomes less important elsewhere.   A 

^ 
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possible  remedy is to use very fine elements in that region and treat the lead- 

ing edge as a singular point.    In practical computations, however, an element 

with its area approaching zero might create a new numerical problem because 

all shape function derivatives involve element area as divisor.    Therefore, 

caution must be taken in using extremely small elements. 

With the equations properly assembled and boundary conditions imposed. 

the system of algebraic equations is finally solved by marching in time in the 

form 

S..    <t>\ 
ij     J 

(n) (27) 

to solve for the solution   <^      at the  nth time step.    The term on the right-hand 

side is evaluated according to Eq. (23), with the solutions ai the previous two 

time steps. 

When a steady flow is to de computed, Eq. (27) is to be solved subject 

to certain prescribed convergence criteria.    The   one  presently used is that 

the relative change of local Mach number between two consecutive time steps 

should be less than a prescribed small number for all the nodes in the flow 

field, that is 

M (n) M 
(n-1) 

M (n) 
(28) 

Numerical experimentations indicate that a solution with adequate accuracy 

is generally obtainable with e   in the range  0.001 <   e   <   0.005. 

■"■■^^^"^«^■^i»'*'**^^ 
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SECTION IV 

PROGRAM DESCRIPTIONS AND USAGE 

As stated earlier, the present computer program is capable of analyzing 

both steady and unsteady (oscillatory and transient) transonic flows over thin 

airfoils by solving the small disturbance but nonlinear transonic potential equa- 

tion.    The numerical algorithm is based on utilizing the finite element technique 

in conjunction with the least squares method of weighted residuals.    To solve 

a particular transonic flow problem, an appropriate finite element mesh must 

first be set up, followed by using the numerical procedures summarized in 

Section III.    Thus the present programs are separated into two parts - the 

first part which generates the necessary mesh information from a limited 

number of input cards and the second part which carries out the analysis with 

element mesh generated in the first part.    By doing so. the generated mesh 

can be fully inspected for its correctness prior to the analysis, and storage 

required in the second program can be accordingly determined to suit each 

particular problem.    These two programs are designated UTRANL-I and 

UTRANL-II (Unsteady Transonic Flow by  Lockheed,  parts I and II, respec- 

tively) and are described in more detail in the following. 

1.      UTRANL-I 

Scope and Flow Chart 

This program reads in a limited number of input cards and generates 

mesh information such as element nodes, nodal coordinates, boundary nodes 

and airfoil slope, etc.. to be used in the second program.   The mesh is gene- 

rated for the finite flow domain indicated in Fig. 1, with the outer boundary 

set to be a circle centered at the midchord of the airfoil.    The present pro- 

gram generates initially a mesh based on the geometry of a 6% thick circular 

arc airfoil and, for airfoils of other geometric shape, the y-coordinate and 

surface slope of nodes on the airfoil are corrected accordingly, using a BLOCK 

19 
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DATA which defines the geometric shape of the airfoil under consideration. 

Additionally, the present program has an option for plotting the generated 

mesh for quick inspection.    A schematic flow chart of the program is shown 

in Fig. 5. 

The program as presently dimensioned requires approximately 46g K 

words to run and can accommodate the following maxima: 

• 400 elements 

• 400 nodal points 
• 100 nodes for each type of boundary conditions, and 

• 10 nodes connected to any node in the mesh. 

Description of Variables 

TITLE 

IOPT 

NDEL 

X 

Y 

NIDS 

NID 

VAF 

NEM 

NPM 

Array used to describe the problem 
under consideration. 

Array containing the option keys which 
are activated when read in as "1." Pre- 
sently there are two keys in the program, 
IOPT (9) for using the BLOCK DATA 
to generate the required airfoil geometry 
and IOPT (12) for mesh plot option. 
Array containing element node points. 

Array containing the x-coordinate of 
nodal points. 

Array containing the y-coordinate of 
nodal points. 

Array containing the actual number of 
boundary nodes for far field, on the line 
of symmetry, and along the airfoil surface. 

Array containing the nodal numbers for 
each type of boundary nodes mentioned 
above. 

Array containing the airfoil slope for nodes 
on the airfoil surface. 

Maximum number of elements allowed. 

Maximum number of nodal points allowed. 

20 
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START 

I 
Read TITLE 

IOPT (Control Keys) 

I 
Call MESHBW 

(Generate mesh infor- 
mation from a limited 
number of input cards, 
including ID) 

I 
Read NIDS, NID 

(Boundary nodes) 

Print Output Data 

I 
Punch Output Data 
(or store on tape) 

I 
Back to Start for Next Casei 

(Stop if EOF read) / 

I 
Subroutine 

MESHBW 

T 

Yes 

1 
Call MPLOT 

(Plot generated mesh) 

Figure 5 - Flow Chart of UTRANL-I 
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NELS 

NPS 

NBW 

ID 

XLE 

XTE 

Total actual number of elements. 

Total actual number of nodal points. 

Full bandwidth of the resulting system 
matrix. 
Control key for calling the subroutine 
GOCR to compute a 6% thick circular 
arc airfoil geometry (y-coordinate and 
surface slope) and the corresponding far 
field boundary curve.   Values on the upper 
surface or lower surface are computed 
according to ID = 1 or -1.   GOCR will not 
be called if ID = 0. 
The distance between the leading edge and 
the point farthest to the left in the computa- 
tional domain. 
The distance between the trailing edge and 
the point farthest to the right in the computa 
tional domain. 

Subroutines 

MESHBW:   This subroutine is called to generate mesh information in- 

cludinl^^Towing:   array of element nodes, total number of elements, x- 

and y-coordinates of nodal points, and the maximum difference in nodal num- 

bers between two connected nodes.    In generating this information,  a small 

amount of input cards xs required, which will be described later. 

MPLOT-   This routine plots the mesh generated together with the original 

node n^^g. using the CALCOMP plotter.    Correctness of the mesh can 

thus be checked quickly prior to running the second program. 

GOCR-   This subroutme. if called, generates the y-coordinate surface 

slope ITT^de on the 6% thick circular arc airfoil by specifying the corre- 

sponding x-coordinate.    For other airfoils, the following subroutines and 

BLOCK DATA are called to generate the correct values for the airfoil under 

consideration. 
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RAIP";   This subroutine is called when IOPT(9) =  1, to generate the  y- 

coordinates and surface slope for nodes on the airfoil, based on available 

tabulated data for airfoil thickness distribution. 

GMPG:   This subroutine is called to compute the surface slope for 

preselected points on the airfoil, using the data given in BLOCK DATA. 

BLOCK DATA;   This data block defines the thickness distribution ac- 

cording to available tabulated data for the specific airfoil to be studied.  This 

subroutine is to be used for any airfoil, provided the pertinent data statements 
are supplied. 

Input and Output 

All input and output are referred to the automatic numbered scheme, 

with input in the form of punch cards, and output in the form of printout and 

punch cards.    If subroutine MPLOT is called, the mesh is also plotted for 

the convenience of inspection. 

Input 

Input cards to this program should be prepared and provided in the 
order described below. 

A. TITLE CARD (12A6) 

Col. 1-72     Description of the problem under study 

B. OPTIONS CARD (4012) 

Col. 18 Punch "1" for airfoil other than the 6% thick 
circular arc. 

Col. 24 Punch " 1" if mesh plot is desired 

C. ELEMENT CARDS (1615) 

These are cards supplied to generate element nodal numbers 
in groups.    One card is needed for each group of elements 
whose nodes are related in a regular pattern.    The number 
of elements in a group can vary from one to any positive 
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integer number, depending on how the nodes are numbered 
originally.    There can be as many cards as required to 
generate the element nodes, and a blank card is added at 
the end to terminate the process. 

1-5 

6-10 

11. • 15 

16- • 20 

21. -25 

26 -30 

31 -35 

36 -40 

41 -45 

Number of nodes per element.    Punch 3 for 
triangular elements, and punch 4 for quadri- 
lateral and trapezoidal elements. 

Number of elements in one direction (called 
first direction). 

Number of elements in the other direction 
(called second direction). 

Increment of nodal numbers in the first 
direction. 

Increment of nodal numbers in the second 
direction. 

First nodal number in the element 

Second nodal number in the element 

Third nodal number in the element 

Fourth nodal number in the element 
("0" for triangles) 

As stated before, element nodes are presently ordered in the counterclock- 

wise direction, and the upper left corner node should be taken as the first 

nodal point in an element located in the anticipated supersonic region.    This 

is required to enact the assembling process correctly in the supersonic pocket 

for steady flow. 

For example, to generate element nodes for the mesh shown on page 25, 

three input cards are required: one card for the first  12 elements, second card 

for the next two elements, and the  third card for the triangular element.    The 

three cards are; 

4 4 3 4 1 2 1 5 6 
4 1 2 0 1 18 17 21 22 
3      1      1      0      0      20      19      23        0 

(Ended by a blank card when all elements are covered) 
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D. CARD FOR TOTAL NO. OF NODES (15) 
Col.    1-5 Total number of nodes for the entire flow region. 

E. CARD FOR LEADING AND TRAILING EDGE (2F10.0) 

Col.   1-10       The distance between the leading edge and the 
point farthest to the left in the computational 
domain. 

11-20 The distance between the trailing edge and the 
point farthest to the right in the computational 
domain. 

F. NODE COORDINATE CARDS (315, 5F10.0, 15) 

The x- and y-coordinates of nodes are also generated in 
connected groups.    A connected group of nodes are those 
falling on a straight line with a constant ratio of nodal dis- 
tances and constant increment in nodal numbers as well. 
The intermediate nodal points can thus be generated by 
linear interpolation.    Again, the process is terminated 
by encountering a blank card. 

Col. Description 

1-5 Node number of the beginning nodal point. 

6-10 Total number of nodes on the line. 

11-15       Increment of nodal numbers between two 
consecutive nodes. 
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16-25 Ratio of distances between three consecutive nodes. 

26-35 x-coordinate of the beginning node. 

36-45 y-coordinate of the beginning node. 

46-55 x-coordinate of the end node. 

56-65 y-coordinate of the end node. 

66-70 0 if a node does not fall on the airfoil surface. 

1 for calling GOCR to compute y-coordinate and 
surface slope for the upper surface; -1 for those 
on the lower surface. 

For example, to generate the coordinates for the nodes depicted below with 

a constant distance ratio of 1.2, the input card should read as 

i 

2 5        4 1.2 x 18 18 

14 

10 

G.    CARD FOR NO. OF NODES ON BOUNDARIES (1615) 

Col. Description 

1-5 Number of nodes on the outer boundary 
(called NFARF) 

6-10 Number of nodes on line of symmetry 
(called NWAKE) 

11-15       Number of nodes on the airfoil surface 
(called NBODY) 
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H. CARDS FOR BOUNDARY NODES (1615) 

(a) Nodes on the outer boundary (NFARF entries) 

(b) Nodes en line of symmetry (NWAKE entries) 

Output 

The output from this program is in the form of printout, punch cards, 

and also a plot if the mesh plot option is invoked. 

The following items are printed in the order as described: 

: 

Title of the problem under study 

Control keys specified in the options card 

Total number of elements, number of nodal 
points, and the full bandwidth 

Element numbers and element node points 

Nodal numbers and their corresponding x- 
and y-coordinates 

Nodes on each type of boundaries, and 

Slope for nodes on the airfoil surface. 

The above items , except the first two, are then punched and saved as input to 

the second program (UTRANL-II). 

2.      UTRANL-II 

Scope and Flow Chart 

This program carries out the analysis following the numerical pro- 

cedures described in Section III, with any mesh information generated and 

supplied through the first program.    In summary this program solves the 

small perturbation transonic potential equation, by marching in time, via 

the least squares finite element technique.    The embedded shock waves are 

smeared and the resulting system of algebraic equations, relating the solu- 

tion of current time step to the solutions of previous two time steps, is solved 

27 

IMttitthrtMfr"^"-'-^»"^ ■"■-■"— ^-—■- -■ -.■■.**.i -,.>^kW^ 



m„« , j^.wl.--.. .„..^«g,,. W,...VW,... . jn.i^pgvw^, vu. • i'.uuwiiiia.    in «J.BUM.WII ■J UM...    -im." "I 

by direct elimination.    The present program has four options, one for inputting 

nonzero initial guess of the solutions, one for computing in the same run solu- 

tions for higher Mach number(s) using results computed for lower Mach number 

case(s), the third one for selecting the form of boundary conditions on the air- 

foil, and the last one for updating the circulation strength.    A schematic flow 

chart of the program is shown in Fig. 6. 

The program as presently dimensioned requires approximately 177„K 

words for the program itself and can accommodate the following maxima: 

• 173 elements 

• 202 nodal points 

• 50 nodes for each type of boundary conditions, and 

• 84 in full bandwidth of the resulting matrix 
equations. 

Description of Variables 

TITLE 

IOPT 

NOD 

SL1 

SLP 

Array used to describe the problem under 
consideration 

Array containing the option keys which are 
activated when read in as " 1,"   Presently 
there  are four options:  IOPT(l) for con- 
tinuation for high Mach number cases while 
using existing results computed for earlier 
case, IOPT{2) for inputting non-zero initial 
guess, lOPTp) for selecting the linearized 
boundary condition applied along the airfoil 
chordline, and IOPT(4) for updating the 
circulation strength. 

Array containing element node points 

The resulting system matrix with main 
diagonal terms stored in the column 
numbered NHBW.    After solving, the 
column numbered NBW contains the 
solution for the current time step. 

Array containing the solution for the first 
time step 

Array containing the solution for the second 
time step. 
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( START   J 

Read TITLE 
IOPT (Control Keys) 
RMAC. RKSC, ANDG. XHP, XTE 
DTM. TFIN, TO, ZTEST, ALPHA, CIRCO 

(Problem Parameters) 

IRES « -1. Set T,, Tj, T3 

(Start the Integration) 

Yes 

Read Inout Generated from 
UTRANL-I 

Set Actual Size of the Problem 
NEQ, NHBW 

Read      SLP(I) = 0.0 
S(I,NBW) 
(Initial guess) 

No SL1(I) = 0.0 
SLP(I) ■ 0.0 
(Initialize previous 
step solutions) 

I 
IRES = IRES+  1 
T    =T 
T    = T 
Tj = T3 + DTM 

Solve UTPOE 
(Unateady Transonic Partial 
Differential Equation) 

Figure 6 - Flow Chart of UTRANL-I1 (Continued) 
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Yes 

i 
Call OUTP 

(Print Computed Results) 

I 
Call FPLOT 

(Display C     on the Airfoil) 

Yes 
(For steady flow only) 

-or JRES>, TFIN-- 

"No 

Punch SLP(I) 
S(I, NBW) 

Update Solution 

SL1, SLP 

No 

Figure 6 - Flow Chart of UTRANL-II (Completed) 
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X Array containing the  x-coordinate of nodal 
points 

Y Array containing the  y-coordinate of nodal 
points. 

RML Array containing values of local Mach number 
at nodal points for the current time step. 

2 2 
COF Array containing values of M^ + M^ (1 + y)u 

evaluated at nodal points. 

NIDS Array containing the actual number of boundary 
nodes for far field, on the line of symmetry, 
and along the airfoil, respectively. 

NiD Array containing the nodal numbers for each 
type of boundary nodes mentioned above. 

VAF Array containing the airfoil slope for nodes 
on the airfoil surface. , 

AR Array to store values for use in subroutine 
FPLOT. 

LR Another array to be used in the subroutine 
FPLOT. 

NEM Maximum number of elements allowed. 

NPM Maximum number of nodal points allowed. 

NCM Maximum full bandwidth allowed in the 
resulting system matrix. 

NRM Maximum number of equations allowed. 

NELS Total actual number of elements. 

NPS Total actual number of nodal points. 

NBW Full bandwidth of the resulting system 
matrix. 

NHBW Half bandwidth of the resulting system 
matrix. 

NEQ Number of equations in the resulting 
system of equations. 

ZTEST Small number used to check convergence 
based on the relative change of local Mach 
number between two consecutive iterations 
in steady flow computations. 

RMAC Freestream Mach number. 
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RKSC Reduced frequency based on semi-chord, 
and then converted into that based on chord 
length in computations.   (RKSC = 0 for steady 
flow). 

ANDG Amplitude in degrees of the oscillating flap. 
(ANDG = 0 for steady flow). 

XHP x-coordinate of the hinge point. 

XLE x-coordinate of the trailing edge. 

DTM Desired number of time steps in each period 
of time, which is then converted into time 
increment At in computations.  (For steady 
flow the input value of DTM is used as At). 

TFIN Total number of time steps to be computed. 

TO Initial time level, usually set equal to zero. 

ALPHA Angle of attack of the airfoil at mean steady 
position. 

CIRCO Circulation strength for airfoil at its mean 
position. 

SQMAC Square of the freestream Mach number. 

IRES Number of time-marching steps. 

POT Perturbed velocity potential. 

UPT Perturbed /elocity component in the x- 
direction. 

V Perturbed velocity component in the  y- 
direction. 

U Total velocity component in the x-direction. 

PRA The ratio of local static pressure to stagnation 
pressure. 

CP Pressure coefficient. 

DELM Change of local Mach number between two 
consecutive time steps. 

CPU Normalized unsteady pressure coefficient. 

Subroutines 

NEWK:   This subroutine is called in the main program to generate system 

matrix for the entire flow field by assembling appropriately the element matrices. 
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The elements are, in general, a combination of triangles, quadrilaterals and 

trapezoids.    For a 4-node element, this subroutine also determines either to 

treat it as a quadrilateral or as a trapezoid, depending on the local behavior 

of the governing equation being elliptic or otherwise.    Subroutine EMQT is 

called to generate the element matrices. 

QUTP;   This subroutine is called in the main program to compute the 

secondary parameters (Mach number, pressure coefficient, etc.), and to print 

all the computed results at all nodes.    These include the perturbed velocity 

potential, total velocity components in the x- and y-directions, the value of 

M     (1 + 2.4u), local Mach number, the ratio of local static pressure to stag- 
00 

nation pressure coefficient, and finally the change of local Mach number 

between two consecutive time steps.    Also computed are the differences of 

pressure coefficients between the upper and lower airfoil surfaces. 

BCDS;   This subroutine is called in the main program to impose all the 

relevent boundary conditions.    These conditions include the far field condition, 

the airfoil flow tangency condition, and the condition of equal pressure along 

the wake. 

EMQT;   This subroutine generates element matrix for elements in the 

form of triangles, quadrilaterals and trapezoids.    Element matrix for the 

latter two types is obtained by combining appropriately (and averaging for the 

last type) contributions from triangular elements which are in turn evaluated 

in subroutine EMTC. 

EMTC;   This subroutine evaluates the element matrix for a space-time 

element by numerical integration, presently with Gaussian quadrature.    The 

one used in the program has 7 points in space and 2 points in time, which inte- 

grates exactly a quintic function in space and a cubic function in time. 
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Shown below are the locations of the Gaussian points in space with their 

corresponding weights. 

a1 = 0.05961587 

ßj = 0.47014206 

a2 = 0.79742699 

ß2 = 0.10128651 

Point s Area Coordinates Weights 

a 1/3      1/3      1/3 0.225 

b ai        Pi       Pi 
c Pi       «1        Pi 

0.13239415 

d Pi       Pi       «I   J 

e a2        P2       P2 
f ß2       a2        P2 

0.12593918 

g ß2       P2       a2 
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Shown below are the Gaussian points in time with their corresponding 
weights. 

•O 
1 

Points Normalized Coordinate Weights 

P 

q 

-0.55555556 

+0.55555556 

0.5 

0.5 

TDRU:   This is a subroutine called by EMTC to evaluate the first and 

second derivatives of the shape functions in time at a Gaussian point. 

DERV;   This is a subroutine called by EMTC to evaluate the first and 

second derivatives of the shape functions in space at a Gaussian point, based 

on the expressions listed in Section III (2). 

BNDEQ;   This is an equation solver for banded nonsymmetric system 

of algebraic equations, utilizing the direct Gaussian elimination scheme.   In 

this solver the system matrix is arranged in a twisted form such that main 

diagonal terms are stored in the column numbered NHBW and the right-hand 

side vector is in the column NBW.    After solving, the column numbered NEW 
contains the solution vector. 

FPLOT;   FPLOT collects and stores data as it becomes available, and 

upon signal, produces a printer plot in practically any orientation and size. 

It should be regarded as a general purpose output routine for displaying out- 
put data in graphical form. 
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Description of Parameters 

Ml 

IPNT 

AR 

LR 

ISTOP 

NC 

NCMAX 

VI 

V2 

Size of the main storage array, and it 
should never be larger than 200, which 
corresponds to 100 points to be plotted. 

Counter initialized — usually IPNT = 0 - 
in the calling program.   It is incremented 
by 2 each time a new data point is entered 
in AR. 

Main storage array.    It should be in a 
dimension statement in the calling pro- 
gram.    For example, DIMENSION AR(800). 

An array of bytes used to hold the curve 
number.    It should be dimensioned for Ml/2. 
The type declaration LOGICAL*! LR(400) 
should be in the calling program. 

Flag used to signal that all data has been 
entered.    ISTOP = 0 causes data to be 
stored.   If ISTOP = -I and NC  = NCMAX 
the program immediately branches to the 
plotting section.   If ISTOP = 1 and NC' = 
NCMAX a data point is stored and then the 
plotting section is entered. 

Curve number for which data is being en- 
tered.   It must be a positive integer less 
than 21. 

The number of curves to appear on the graph, 
This is the largest value NC'will have. 

The horizontal coordinate of the data point to 
be plotted. 

The vertical coordinate of the data point to 
be plotted. 

Input and Output 

Input 

The bulk of input to this program is provided through UTRANL-I in the 

form of punch cards.    To run several cases of various freestream Mach num- 

ber and oscillating frequency but using the same mesh and boundary conditions. 
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four additional cards should be furnished for each case to be computed.  These 

cards should be provided in the following order 

A. TITLE CARD (12A6) 

Col. 1-72   Description of the problem under study 

B. OPTIONS CARD (4012) 

Col. 2 Punch "1" if it is a continuation 
in computation from one case 
to another. 

Col. 4 Punch "1" if cards for nonzero initial 
guess is furnished in the input data. 
If so, insert them following those 
generated from UTRANL-I. 

Col. 6 Punch "1"   if linearized boundary condi- 
tion along the chordline is desired. 

Col. 8 Punch " 1" if circulation is to be updated. 

NOTE:   As seen in the flow ^hart, when IOPT{l) = 1, the next two options 
become inoperative. 

C.  PROBLEM PARAMETERS CARDS (8F10.0) 

First Card 

Col.    1-10   Freestream Mach number. 

Col. 11-20   Reduced frequency based on semi-chord 
(0 for steady flow). 

Col. 21-30   Amplitude in degrees for the oscillating 
flap.  (0 for steady flow). 

Col. 31-40   x-coordinate of the hinge point. 

Col. 41-50   x-coordinate of the trailing edge« 

Col. 51-60   Number of time steps desired in one period 
of time or time step size for steady flow. 

Col. 61-70   Total number of time steps to be computed. 

Col. 71-80   Initial time level counted in time steps. 
(Usually set equal to zero; with nonzero value 
when initial solutions are provided) 
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Second Card 

Col.    1-10    Small number used to check conver- 
gence based on the relative change of 
local Mach number between two con- 
secutive time steps, if flow approaches 
a steady flow, usually taken in the 
range from 0.005 to 0.001. 

Col.   11-20     Mean angle of attack of the airfoil 

Col.  21-30    Circulation for flow with the airfoil 
placed at its mean position. 

For the first case of the run, punch cards from UTRANL-I are placed after 

the above cards.    For subsequent cases using the same mesh, four additional 

cards as described above are required for each case. 

Output 

The output from this program include printout, punch cards and solutions 

for the last two time steps (or convergent solutions for steady flow). 

The printouts are in the following order: 

• Title of the problem under study 

• Convergent limit (for steady flow) 

• Control keys specified in the options card 

• Total number of element, number of nodal points, 
and the full bandwidth of the resulting matrix 
equations 

• Element numbers and element node points 

• Nodal numbers and their corresponding x- and y- 
coordinates 

• Boundary nodes for each type of boundaries 

• Slope for nodes on the airfoil surface 

• For each time step, the computed results at all 
nodal points are printed.    These include the per- 
turbed velocity potential, total velocity components 
in the  x-  and y-directions, the value of M^  (l+2.4u). 
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local Mach number, the ratio of local static pressure 
to stagnation pressure coefficient, and finally the 
change of local Mach number between two consecutive 
time steps. 

For each time step, the unsteady pressures   on the air- 
foil, for the upper and lower surfaces, as well as their 
difference, are printed.    At the end of each period, the 
mean pressures   on the airfoil, for the upper and lower 
surfaces, obtained by time average within a period, and 
their difference, are also printed. 

For steady case, the value of Cp along the airfoil is dis- 
played graphically.    For unsteady case, the difference 
of unsteady pressures across the airfoil is displaced 
graphically. 

I 
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SECTION V 

SAMPLE CASES 

Two sample cases are presented herein to demonstrate the usage of 

the computer programs described in the previous section regarding input 

and typical output from the programs.    The two problems are flow over a 

NACA 64 A006 airfoil with a quarter-chord oscillating flap and flow over a 
lifting NACA 64 A410 airfoil. 

In computing the steady or unsteady transonic flow field for a given 

airfoil shape with the present programs, the following procedures are gener- 
ally followed: 

• A desired mesh is sketched with each node assigned a number. 
In order to save storage and computation time, nodal points 
should be numbered along the direction with less number of 
nodes, such as shown in Fig. 7. 

• Based on the mesh sketched, an appropriate set of input cards 
is prepared and supplied to UTRANL-I to generate the required 
mesh information in the form of punch cards. 

• The above punch cards, with four additional cards for each 
case and cards for non-zero initial guess if available, are 
used as input to UTRANL-II to compute the flow field. 

• During the execution of UTRANL-II, results for each time 
step are printed, and solution for the last two time steps 
is saved in the form of punch cards for possible later use. 

The following paragraphs describe in more detail the input and output 
for the two sample problems. 

1.      FLOW OVER A NACA 64 A006 AIRFOIL WITH AN OSCILLATING FLAP 

This problem was analyzed using the mesh shown in Fig. 7, which con- 

sists of 173 elements together with 202 nodes.    Summarized below are the 
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FLgure 7 - Finite Element Mesh for NACA 64 A006 Airfoil 
(173 elements, 202 nodes) 
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input and output to 

problem. 

UTRANL-1 

theUTRANL-I and UTRANL-U programs for the present 

Input 

The necessary set of input cards is listed on the next two pages.  Note 

that both options for plotting mesh and using BLOCK DATA are to be enacted, 

and the final mesh will have nodes on the actual airfoil surface rather than 

on the chordline. 
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Input Cards to UTRANL-I for NACA 64A006 Airfoil 

UNbTtAÜY    T«ANSÜN|C   FLOW—MESH   1-3   MUÜIPItU—l7j   tUcMtNTS — 202   NÜUtS 

1 1 

• 

4 1     1 4 1 2 3 
4 1     1 3 2 7 6 
4 1     1 6 7 14 15 
4 1     1 15 14 23 24 
4 1     1 24 23 34 35 
4 1     1 2 1 5 6 
3 1     1 7 2 6 
4 2     1 1          6 5 11 12 
3 1     1 14 7 13 
4 3     1 1          12 11 19 20 
3 1     1 23 14 22 
4 4     1 1         20 19 29 30 
3 1     1 34 23 33 
3 1     1 24 35 36 
4 4     1 1         25 24 36 37 
J 1     1 15 24 25 
4 3     1 1         16 15 25 26 
3 1     ] 8 15 16 
4 2     1 1          9 ti 16 17 
3 1     1 3 e 9 
4 1     I 4 3 9 10 
4 5   i i    12   30 29 41 42 
4 5   1 i     i    12   36 35 47 48 
4 4 l     i        162 161 173 174 
3 l l              166 165 177 
4 3 11         174 173 163 164 
3 1 l               177 176 166 
4 2 l     i         104 183 191 192 
3 1 l               186 185 193 
4 i l              192 191 197 196 
3 1 l              193 192 196 
3 l l              198 197 201 
3 J 1              168 167 178 
4 4 l     1        169 168 176 179 
3 l l              179 178 167 
4 3 t     1        180 179 167 166 
3 l l              188 187 194 
4 2 l     i        189 188 194 195 
3 1 1              195 194 199 
4 l 1              196 19b 199 200 
3 l 1              200 199 202 

(Blank Card) 
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to^: 

«;. 3. 
c: g -1 2.2 -1.42 -.255 -^.44 -.527 
7 J -1 1.9 -.aa? -.115 -2.035 -1.46 

14 4 -1 1.8 -.64b -.045 -1.6b -l.db 
^ J b -1 1.7 -.535 -.02 -1.13 -2.25 

J 2 2.2 -1.42 .255 -2.44 .527 
o J l.V -.807 . 1 lb -2.035 1.46 

lb 4 1.Ö -.64b .045 -1.6b 1.86 
t4 = 1.7 -.535 .02 -1.13 2.25 
o<t b -1 1.7 -.4* 1 
Jb b 1.7 -.4V 1 
■+6 6 -1 1.7 -.45 1 
47 b 1.7 -.4b 1 

bb 6 -I 1.7 -.375 1 
b^y 6 1.7 -.375 » 
70 6 -I 1.7 -.25 1 

71 6 1.7 -.25 1 

ti2 6 -1 1.7 -.100 -1 

t>J 6 1.7 -.100 I 

S»4 6 -1 1.7 0.025 -> 
vb 6 1.7 O.Otb I 

106 6 -I 1.7 .125 I 

107 6 1.7 .125 1 

1 Id 6 -I 1.7 .225 I 

UV b 1.7 .'225 I 

IJO 6 -I 1.7 .275 1 

Ul b 1.7 .275 1 

142 -   6 -1 1.7 .375 1 

143 6 1.7 * .375 I 

lb4 6 -1 1.7 • 450 1 

Ibb b 1.7 .450 » 
lt>6 b -1 1.7 .5 1 

lb7 b 1.7 .5 I 

177 b -1 1.7 .565 -.00001 1.26 -2.16 
106 4 -1 1.7 .6S»b -.00001 1.73 -U8 

ISy^ J -1 1.3 .^55 -.00001 2.14 -1.3 

Wb £ -1 2. 1.6 -•00001 2.3d -.78 

^0 1 2 1. 2.5 -.00001 2.5 •00001 

170 b 1.7 «565 •00001 1.26 2.16 
lc(7 4 1.7 .695 •00001 1.73 1.8 

1^4 J 1.8 .955 •oooot 3*1« 1.3 

ivy a 2. 1.6 •00001 gtdb .78 

(Blank Card) |> 
4«: 10 He. 

1 4 b 10 11 16         19 2b        29 40         41 52         53 64        b5        7b 

/7 ad ov tou 101 112      113 124      12b iJfa      137 148       14V 160      161       172 
1 7J ia<: IdJ 1*0 1V1 196      197 200      201 202 

166 167 1/7 i m Ibb 187      193 194       IVd 144 
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Oulpul 

As slalcd before, output of this program includes printouts, punch cards 

and a plot for the generated mesh. 

Printouts and punch cards for the present mesh are listed on the next 

11 pages. 
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Printouts from UTRANL-1 for NACA 64 A006 Airfoil 

UNSTEADY   TRANSONIC   rL0W-HESH   L3   HOOIFH 0-173    ELFMENTS-2G2  NODES 

3-3-0-0-0-3-C-O  i-c -c-r 

NO.   OF   ELEM'-NTS«   173     NO.   OF   NOCES=   202        FULL  BAND«ICTH=      8-* 

ELE.   NO.   AND   ELEMENT   WOES 

1 k 1 2 3 

2 7 2 7 8 
3 8 7 1U 15 
k 15 !*♦ 23 ZU 

5 2*» 23 3(* 35 
6 c 1 5 6 
7 7 7 6 C 

9 6 5 11 12 
9 7 6 12 13 

10 1U 7 13 0 

11 12 11 19 2C 
12 13 12 20 21 
13 1U 13 21 22 

!<♦ 23 It» 22 C 
15 20 19 29 3C 
16 21 20 30 71 
17 22 21 31 32 
18 23 22 32 33 
19 ZU 23 33 C 

20 zu 35 36 0 
21 25 2U 36 37 
22 26 25 37 3B 

23 27 26 38 39 
21» 28 27 39 to 
25 15 ZU 25 0 
26 16 15 25 26 
27 17 16 26 27 
23 18 17 27 28 
29 3 lr' 16 G 
33 9 » 16 17 
31 10 9 17 18 

32 3 f» 9 G 
33 1* 3 9 1C 
U 3G 29 «♦1 «42 

35 31 33 U2 L3 
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36 32 31 U3 44 
37 33 32 kk C5 
38 3^ 33 k5 «♦6 
39 UZ «♦1 53 54 
^O «♦3 U2 5k 55 
ki 1*1* k3 55 rfc 
kZ *♦? 14(4 56 r7 
«♦3 «♦6 U5 57 58 
kk 5^ 53 65 66 
i*S 55 5k 66 67 
«♦6 56 cr 67 6« 
1*7 57 56 68 f 9 
k$ 5S 57 69 7^0 
«♦9 66 65 77 7 8 
50 67 66 78 79 
51 ee 67 79 «0 
52 69 63 60 61 
53 70 69 81 82 
5'* 78 77 89 9C 
55 79 78 90 oi 
56 60 79 91 92 
57 61 81 92 93 
53 82 81 93 91» 
59 9C pq 1C1 1C2 
60 91 90 102 1C3 
61 92 91 103 Uk 
62 93 92 IQk 1C5 
63 9U 93 105 1C6 
6^ 102 101 113 114 
65 103 102 lit» 115 
66 m 103 115 116 
67 105 10<* 116 117 
69 106 105 117 116 
69 ll<t 113 125 126 
73 115 UU 126 127 
71 116 115 127 12 6 
72 117 116 128 129 
73 118 117 129 130 
7k 126 125 137 138 
75 127 126 138 139 
76 128 127 139 uc 
77 129 128 140 141 
78 130 129 141 142 
79 138 137 149 15C 
80 139 138 150 151 
81 1<*0 139 151 152 
82 141 1<*0 152 153 
83 ikZ 141 153 154 
61* 150 1U9 161 162 
65 151 150 162 163 
86 152 151 163 164 
87 153 152 164 165 

4 
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98 154 153 165 166 
89 36 35 47 48 
90 37 36 48 L<i 
91 38 37 W9 50 
92 39 38 50 51 
93 40 39 51 52 
94 48 47 59 60 
95 49 48 60 61 
96 50 49 61 6 2 
97 51 5C 62 6 3 
98 52 51 63 64 
99 60 59 71 72 

100 61 60 72 73 
101 62 61 73 74 
102 63 62 74 75 
103 64 63 75 76 
104 72 71 83 64 
105 73 72 84 85 
106 74 73 85 «6 
107 75 74 86 87 
103 76 75 87 88 
109 84 83 95 ?6 
110 85 84 96 97 
ill 86 85 97 98 
112 87 86 98 99 
113 88 87 99 ICO 
114 96 95 107 ice 
115 97 96 108 lt9 
116 98 97 109 11C 
117 99 98 110 111 
118 100 99 111 112 
119 ice 107 119 i2r 
120 109 108 120 1?1 
121 liC 109 121 122 
122 111 110 122 123 
123 112 111 123 124 
124 120 119 131 132 
125 121 120 132 133 
126 122 121 133 134 
127 123 122 134 135 
128 124 123 135 136 
129 132 131 143 144 
130 133 132 144 145 
131 134 133 145 146 
132 135 134 146 147 
133 136 135 147 1^8 
134 144 143 155 lr6 
135 145 144 156 1Z7 
136 146 145 157 ice 
137 147 146 158 159 
138 146 147 159 lee 
139 156 155 167 166 
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mo 157 156 168 lf.9 
i<»i 158 157 169 17C 
IU2 159 158 170 171 
H»3 160 159 171 172 
l<*i* 162 161 173 174 
l^S 163 162 174 175 
146 161» 163 175 176 
1<»7 165 164 176 177 
HfS 166 165 177 a 
li»9 174 173 183 184 
150 175 174 184 185 
151 176 175 185 1«6 
152 177 176 186 f 

153 184 183 191 192 
15^ 185 184 192 193 
155 186 185 193 C 
156 192 191 197 19« 
157 193 192 198 r 

U 

153 198 197 2C1 C 
159 168 167 178 0 
160 169 168 178 179 
161 170 169 179 180 
162 171 17C 180 161 
163 172 171 181 182 
164 179 179 187 C 
165 180 179 187 188 
166 181 180 188 1P9 
167 182 181 189 190 
169 188 187 194 0 
169 189 188 194 1^5 
170 190 189 195 196 
171 195 194 199 0 
172 196 195 199 2G0 
173 20 C 199 202 0 
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NOOE Xd» Y(II 

1 -,24400;:*01 

2 -.14200E+01 
3 -.14200E+01 
<* -.24400E+01 

5 -.2035CE+01 
6 -,12829E-»-01 
7 -,3870CE*0 0 
ft -.B8700E+C0 
9 -.12829E+01 

10 -.20350E+01 
11 -.16800E+01 
12 -.11248E+01 
13 -.«1636E+00 
li* -.6450CE+0Q 
15 -.64C00E<-00 
16 -.81636E*00 
17 -.11248E+01 

18 -.1680«:E+01 
19 -.1130CE+01 
20 -.85168E+00 
21 -.6879f'E + 0Q 
22 -.59i65E*00 
23 -.53500E+Q0 

2'* -,t53500E*00 
25 -.59165F*00 
26 -.68796E+00 
27 -.85168E♦0,: 
23 -.11300E+01 
29 -.77a48E*0C 

30 -.e462i'E*G0 
31 -.57315E+00 
32 -.^S^IEE+OQ 
33 -,50488E+00 
3«+ -.U9Q0CE+00 
35 -,U9a00E*00 
36 -.5C48flE*00 
37 -.^3016E+00 
38 -,57315E+00 
39 -.64624E+00 
%Q -,77^48E + 00 
41 -.7r888E + 00 
42 -.^9420E<-00 
43 -.E2675E+0C 
44 -.4«707E*00 

45 -,46373E*0Q 
•46 -.45000E+00 
47 -,4500CE*00 
48 -.U6373E+00 
49 -.48707E+00 
50 -,?2675E*0a 
51 -.59420E+03 
52 -,70888E*00 

-.527C0t.*00 
-.2r-*;C0E*00 

.2?:?OCF+OO 

,527CCE+00 
-.i4ecGE+ai 
-,67R79C400 
-.HfCCE + dO 

.11E0CP+00 

.57879E+00 

.14600E*ai 
-.iseccE+oi 
-,88639E*a0 
-,3«.55C£+00 
-.45CCCE-31 

.45C0CC-01 
.3455QE+00 
,88e39E+00 
.i860CE*31 

-.22^CCt*31 
-.12Ce9E+01 
-.59326E*a0 
-,23232E+00 
-.ZCCOCE-Ol 

,20COCE-01 
.23232E+a0 
,5932eF+00 
.12Cfc9E+ai 
.ZZ^OGi' + Ol 

-,23783E*01 
-.13277E+01 
-,7C976E+00 
-,34624E*00 
-.1324te*00 
-.6620CE-02 

.6e2CCE-02 
,1324LE*00 
,34e24E+00 
,7CP7fE+00 
.13277E+01 
,23783E*31 

-.23974E+ai 
-.13«*ieF*01 
-,72C60E+00 
-,35529F+00 
-.1^C4<:E + 10 

-.1399CE-31 
,13990E-C1 
,l<.CitCE*00 
,35E29F*00 
.7206CE+00 
,13MfcF+01 
.2 397tE*01 
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53 -.Kq250F+00 -.2^28Br*01 

5«» -.»496ier + 0C -.13622^*01 
55 -.U39U8E+00 -^suaus+oo 
56 -.«♦061fE»00 -.365öOE*00 
57 -.3P65«»f>00 -.l^ft71P*00 
58 -.37500E*-00 -.21C10E-01 
59 -.37500E+00 .2101CE-31 
60 -.3865«.E + 00 .lte7tE+00 
61 -,UC615E-*0 0 .36?8C£4-00 
62 -.i*3 9UfiE + 0 0 .73«»8UE*30 
63 -.U9616E+CQ .1362ZE+31 
6«* -.59250E+00 ,2i*2i*'-i+Qi 
65 -.396'»9E<-C0 -•2<»68UE*01 
66 -.33160E+00 -,13«72E+01 
67 -.293<4 3E*00 -.751196+00 
68 -.27Q9eE+00 -.377C8E+00 
59 -.25777E+00 -.15702E+00 
70 -.?5000E*03 -.2757CE-01 
71 -.25000E + GO .27570e-01 
72 -.25777E+00 .1F7C2E+30 
73 -.27098E+C0 .377C8B+00 
7^ -.293i»3E*00 .75119E+00 
75 •.3316CE+0C .13e72E*01 
76 -.396U9E+C0 .z^eeuE+oi 
77 -.15899E+03 -.Z^^E+Ol 
78 -.13286E+00 ,  -.lu03iE+01 
79 -.117U9E + 00 -.76C78E*00 
80 -,108»»5E + CG -.38296E+00 
81 -.1Q313E + 0C -.16P72E+00 
32 -.10000E+00 -.2 999C-.-01 
83 -;i0000E+03 .2999CE-ai 
3«* -.10313E + 00 .16072E*aO 
35 -.108t»5E + 00 .38296E+Q0 
86 -.117<»CE*00 ,76C7eE+00 
37 -,13286E+00 .l«»t3.1E+01 
88 -.15899E*0 C .249U9E+01 
39 ,39766E-01 -.2^997E*01 
90 .33225E-01 -.l^UfeE + Ol 
91 .29378E-C1 -,76C3?E+0Ö 
92 .2711CE-01 -.saiu^E+oo 
93 .25783E-01 -.lE85tE*00 
9t» .25000E-01 -.2739CE-01 
95 .25000E-01 .2739CE-01 
96 .2?783E-01 .15851f*00 
97 .2711<»E-01 ,381U2E*D0 
98 .29378E-01 .76C35E+00 
99 .33225E-01 ,i*,cueE*oi 

100 .39766E-01 ,2i*997E+01 
101 .19869E*0 ( -.24921 Em 
102 .16605E+C0 -.139aUE+01 
103 .lit685E4.00 -.75511E+00 
m ,13555E+00 -.37e6SE+00 
105 .12891E+00 -.l5i»C7b*00 

51 

-«-wwtwi™««- 

 ^^^^. n,-„,ri mMMl^mimmtm ':^i±::.:::^:-v^..:>.^:: 
...,.,   ..^^^■,lAj ... 



■ „»I  -!—«  TPTWSB 1..«.  ....      iij     ijm»„ 

lae .i2500E*oo 
107 .12500E+00 
108 .12891E+CC 
109 .13555E+00 
110 .14685E+00 
in .leeo'rE+oo 
112 .19869E+00 
113 .3570UE+00 
11«* .29855E + 00 
115 .26U1GE+G0 
116 .2'»391E*00 
117 .2320CE+00 
118 ,2250CE+00 
119 .22500E+C0 
120 .23200E+00 
121 .2U391E+00 
122 .26U15E+00 
123 .2985,:E + 00 
iZk ,3570^*00 
125 ,U358eE*00 
126 .36it61E + C0 
127 .32269E+00 
128 .29803E+00 
129 .28353E+00 
130 .27500E+00 
131 .2750CE+00 
132 .28353E+00 
133 .29803E+00 
13k .32269E*00 
135 .36^61E+00 
136 .«♦3586E + 00 
137 .59250E+00 
138 .U9616E+00 
139 .'♦39U8E + 00 
lt»0 .«♦0615E + 00 
Ikl ,3865'*E + 00 
1^*2 ,37500E<-C0 
1<*3 .3750GE + 00 
ikk .3865UE+00 
H»5 .«♦06irE + 00 
li»6 .'♦39'»8E*00 
H»7 .U9616E+00 
1^8 ,59250E+00 
li»9 ,70e8eE + 00 
150 .59«»20E + 00 
151 .52675E*00 
152 .U8707E+00 
153 .U6373E+00 
15'» .««SOOOE + OO 

-.23130E-01 
.2313CE-01 
.15^C7E+00 
,376eBt>00 
.75?11.E*10 
.1398<.e*01 
.2t921E4-Ql 

-.2'«7i*'.E*01 
-.13«61E*01 
-.7^592E+00 
-.36q36F*-00 
-.lt78Se<-3C 
-•17?Jt?E-01 

,175I»5E-01 
.li.785E*00 
,36936E+0C 
,7^592E*00 
,13«61E+01 
.2U7Ul»E+01 

-.2^ei7E*01 
-.13777Em 
-.73998E+00 
-.36fe8»E*30 
-,l^U23E+30 
-.1^U35E-01 

.l<.t»35E-01 

.1<«I»235+00 

.3e«*88E+0C 

.73998E + 00 

.13777E+31 

.2'.€17E+01 
-.2U28»E*Ü1 
-.1356?E*01 
-.7257PE+00 
-.35«»72E + 00 
-.l36afcE+00 
-.8C8CCE-02 

.8CR0GE-02 

.136U6E+00 

.35«»72E+0a 

.72575E4-00 

.13565E+01 

.2A288E4-01 
-.2397UE*Q1 
-•133693+01 
-.71309E*00 
-.3t61CE+00 
-.13028E+00 
-.33100E-02 
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155 ,a5000E*00 .331CGE-02 
156 .U6373E*00 .13C2«E*00 
157 .U8707E+00 ,3**61«tE*00 
158 .52675E+00 .71309E+00 
159 .59'»20E*00 .l3369E+0i 
160 .70888E+-00 .2397aE*01 
161 .78592E + 00 -.237 33F*01 
162 .65921E+00 -.13221E+01 
163 .58<*7«»E*00 -.7037CE+00 
16«* .5U093E*0a -.33996E*00 
165 .515ieE*00 -.12599E+a0 
166 .5000CE+C0 -.13C0CE-03 
167 .50000E+00 .13000E-33 
168 .5151^E+00 .12599G*00 
169 .5U093E + 0 0 .33996E+00 
170 ,58<»7UE+00 .7Q370e+00 
171 .65921E+00 .13221E+01 
172 ,78582E*0Q .23733£+ai 
173 .126OCE+01 -.2160CE*3l 
17J» .93i»9CE+00 -,lli»96E*01 
175 .7U366E+00 -,5552«E*00 
176 .63117E+00 -.2C56eE*00 
177 •565Q0E+00 -.1CO00E-O«» 
178 ,?650CE*00 .100COE-OU 
179 .63117E+00 .2C566E+00 
180 .7i»366E*00 .55528E*00 
181 .93*»90E + QG .lli*9fE*01 
182 •12600E*01 .2160CE*01 
183 .17300E + 01 -.18C0CE*01 
isu .119«»9E + 01 -,869UlE+00 
185 .88015E + 0 C -,322CtE-«-00 
186 .69500E+00 -.1CC0CE-0'» 
187 ,69500E+00 .10C0OE-O«* 
188 .38015E+00 .322016+00 
189 .119«»9E*0l .eeoittE+oo 
190 .17300E+01 .1800GE+01 
191 .21(»00E*01 -.130CCE+01 
192 .13782E+01 -.46<»29E*00 
193 .95500E*00 -.ICOOOE-O*» 
m .955OCE*0C .lOOOOE-Ol» 
195 .13782E+01 ,«»6«»29E+00 
196 .21t»00E*01 .13C0CE+01 
197 .23800E+0 ! -.78C0CE+00 
198 .1600CE+01 -.lQ00CE-3^ 
199 .160O0E+01 .10C0CE-3«» 
200 • 238G0E + 0 1 .78C00E+00 
201 ,25000E*01 -.1CO0CE-O«» 
202 .25000E+01 .1C00CE-0«» 

^^.- ■■■■'■^ -t.grrirnilMBrlMftlniiiM iai^-..:,-^...^fci^^r v.L^.f-iA^:;' 
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Punch Cards from UTRANL-I for NACA 64 A006 Airfoü 

173 20 2 64 42 10 22 

4 1 2 3 3 2 7 6 6 7 14 15 15 14 23 24 

24 23 34 30 2 1 5 6 7 2 6 0 6 5 11 12 

7 6 12 13 14 7 13 0 12 11 19 20 13 12 20 21 

14 13 21 2^ 23 14 22 0 20 19 29 30 21 20 30 31 

22 21 31 32 23 22 32 33 34 23 33 0 24 35 36 0 

28 24 36 37 26 25 37 36 27 26 36 39 26 27 39 40 

15 24 25 0 16 15 25 26 17 16 26 27 lo 17 27 26 

8 IS 16 0 9 6 16 17 10 9 17 16 3 6 9 0 

4 3 9 10 30 29 41 42 31 JO 42 43 32 31 43 44 

33 32 44 4i> 34 33 45 46 42 41 53 54 43 42 54 55 

44 43 55 &6 45 44 56 57 46 45 57 56 54 5-1 65 66 

55 54 66 67 56 55 67 66 57 56 66 69 58 57 69 70 

66 65 77 78 67 66 76 79 68 67 79 80 69 66 80 81 

70 69 81 82 76 77 69 90 79 78 90 91 60 79 91 92 

til 80 92 93 62 81 93 94 90 89 101 ior. 91 90 102 103 

92 91 103 104 93 92 104 105 94 93 105 106 102 101 113 114 

103 102 114 ll^ 104 103 115 116 105 104 lib 117 106 105 1 17 116 

114 113 125 120 115 114 126 lc7 116 115 127 126 117 116 126 129 

lib 117 12V 130 i<:6 125 137 I3tt 127 l2o UO 139 126 127 139 140 

129 126 140 141 130 129 141 142 136 1^7 149 150 139 136 150 151 

140 139 151 It»^ 141 140 152 153 142 141 153 154 150 149 161 162 

151 ISO 162 16-3 152 151 163 164 153 152 164 165 154 153 165 166 

36 35 47 48 37 36 46 49 36 37 49 50 39 38 50 51 

40 39 51 52 46 47 59 60 49 48 60 61 50 49 61 62 

51 50 62 63 52 51 63 64 60 59 71 72 61 60 72 73 

62 61 73 74 63 62 74 75 64 63 75 76 72 71 83 84 

73 72 64 85 74 73 85 66 75 74 86 87 76 75 87 88 

64 83 95 96 65 8** 96 97 86 65 97 96 87 66 98 99 

66 87 99 100 96 95 107 106 97 96 106 109 96 97 109 1 10 

99 98 no 111 100 99 HI 112 106 107 119 120 109 106 120 121 

no 109 121 122 111 110 122 123 112 111 U3 124 120 119 131 132 

121 120 132 133 122 121 133 134 123 lc2 134 135 124 123 135 136 

132 131 143 I'*'* 133 132 144 145 134 133 14a 146 135 134 146 147 

136 135 147 148 144 143 155 156 145 144 156 157 146 145 157 158 

147 146 156 159 146 147 159 160 156 155 167 166 157 156 166 169 

156 157 169 170 159 156 170 171 160 159 171 172 162 161 173 174 

163 162 174 175 164 163 175 176 165 164 176 177 166 165 177 0 

174 173 lo3 184 175 174 184 165 176 175 165 166 177 176 186 0 

164 183 191 J9<; 165 164 192 193 186 165 193 0 192 191 197 196 

193 192 196 0 196 197 201 0 166 167 178 0 169 166 178 179 

170 169 179 180 171 170 160 161 172 171 161 162 179 176 187 0 

160 179 167 188 161 160 166 169 162 161 169 190 166 167 194 0 

169 186 194 195 190 189 195 196 195 194 199 0 196 195 199 200 

200 199 202 0 
2«440E+00- •5.270E-01- •1.420E+00- •2.550E-01- •l*420E+00 2.550E-01- 2*440E-*-00 

5.270S-01 

2*035E4-oO- .l.46oe+00- •1.263E+00- •ö«7ööt-0l- •6.Ö70E-01- • 1.150E-01-6.670E-01 
1.150E-01 

l*283£+00 5.7a6E-0i- •2.035E+00 l*460E+00- ■lt6öOE+00- •1»860E*00- .1.125E+00- -6*864E-01 

8.164E-0 1- .3»455E-0i- •6.450E-01- •4.500E-02- •6t450E-01 4.500E-02- -8*t64E-0l 3*455E-01 

t«125E>00 6*664E-0i- •1.6Ö0E+00 1.660E+00- -1.130E+00- -2.250E+00- •8.517E-01- 
-1.207E+00 

6*660£-0l- .5«933c-0i- -5.917E-01- -2.323E-01- -5.350E-01- 
-2.000E-02- -5«350E-0l 2.000E-02 

5»9l7E-ol 
7.705E-01- 

2,323E-0l- •6.680E-01 5.933E-01- -Ö.517E-01 1.207E+00- •l.l30E«-00 2.250E+00 

-2.-i7öE+00" -b.462E-0l- -1 • 32öfc.+00- -5.732t-0l- -7.096E-01- •5»302E-0l- 
-3.462E-01 

5»049E-ol' .l,J^4t-0i- -4.900E-01- -6»620t-03- -4.900E-01 t>«620t-03' -5»049E-0l 1.324E-01 

5« J02E-0 1 3.462E-0i- -5.7J2E-01 7«096c-0l- -b»462£-0l 
1.32öfc+00-7.705fc-0I 2*376E+00 

7.0ö*E-01, -2.397E+00- -5.942E-01- -l«342t>00- -5.267E-01- 
-7.206E-0l-4»671E-0l -3.553E-01 

4«OJ7t-01 -1.4o4t-0i- -4.500E-01 -1.399E-02- -4.500E-01 
1.399L-02- -4»637E-01 1.404E-01 

4.671E-01 3.b33E-ni -5.^o7E-0l 7.20ÖE.-01 -5.942E-01 1.342e+00 -7*0a9E-0l 2.397E+00 
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3.oö5E:-o 1- 
4.06l£-Ol 

2.b7ät-ol- 
2.7lOc-ol 

J.OJlt-Ql- 

3.*77f.-o<:- 
2.a7öE-o-i- 
2*7t 16-02 
i.va7E-oi- 

ltJfa6E-Ol 
3.b70E-0l" 
2.J20E-ol- 
2.4jyE-ol 
4.OÖVE-0I- 
2»o^bE-0l- 

S.VibE-ol- 
3.b65E-ol- 
4.061E-01 
7.oayt-oi- 
4.ÖJ7E-011 

4.O71E-01 
7.OS36E-01' 
5.152E-01' 
5.4o9E-ol 
l»«:60c+00' 
5.b30£-oJ 
9«J4y£-0l 
Ö.ö02t-ol 
1.19ÖE+00 
9»SbOt-ol 
2.JeoE+oo 
Z.bOOE+OO 

1 4 
77     aa 

2.4<iyE+00 
1.4a7E-0i.- 
J.baäE-Oi- 
2.4bbE+00- 
l,a7oe-Oi- 
3.77lE-0i.- 
<i.4Vit + 00- 
l.oo7t-0i- 

2»3OOE+00 
Uabb£-0i 
3.bl4E-0l 
2.49i;E.«00 
1.O4 1E-01 
3.7b7E-0-l 
2t474E+00 
l.47bE-0A 
3.b'V4E-0i 
2»4e52£+00 
1 .44£;t-oi 
3.b4yE-0i 
2,4«:yE+oo 
l»Jbbt-Oi 
3.547£-0i 

■2.jy7E+00 
•l.JO-iE-Oi 
3.461E-01 
•2.373E+00 
•l«260£-0i 
3.400£-0i 

•a.iboE+OO 
•l.OOOE-03 
1»lsOc+00 

•3.220E-Oi 
a.b94E-Oi. 
-1.000t-03 
■7.bOOE-0i 
•l«COOE-0ä 

173 
166 
34 

130 

182 
167 
35 

131 

5 
a* 

ia3 
177 
46 

142 

10 
100 
190 
178 
47 

143 
3»0Ö0E-0l 
3.fcO0E-0J 
6«340E-02 

3.0b0c.-0l 
-3»2OOE-0i 
-6.340e-0'i 

'♦.9t32E-0l 
J.7t.0E-0»- 
4.J^SE-Ol 
J.J16E-01- 
2.bOOE-Ol- 
^.9J4E-0l 
i,j.-9E-0l- 
i.OOOE-Ol- 
!■l75E-0i 
J.3i:3E-02- 
^•b00£-02- 
<i»9JbE-02 
l.bO0E-0l- 
l,2b0E-0l- 
i.46aE-0l 
i;.906E-0l- 
Ü.<:b0£-0l- 
i.641E-ol 
j.64bE-0l- 
^.730E-0l- 
J»227E-ol 
4.962E-01- 
3.7b0E-Ol- 
4.3ybE-0l 
3.942E-01- 
4.bOOE-Ol- 
ä,2b7E-ol 
6.b92E-01- 
3.000E-01" 
3.Ö47E-01 
V.J49E-01- 
5.bb0E-0l 
i.260E+00 
6.9S0E-01- 
i.730E+00 
^•bbOE-Ol 
1.600E+00- 
2*500E^00 

11 IS 
101      112 
191      19o 
166      187 
58        59 

154      155 
-1.336E-01 
3.440E-02 
4.360E-02 

1 .3b2t-»-00- 
2.l0lE-0i:- 
7.34bc-01- 
1.3Ö7C.+00- 
2.7b7£-02- 
7.bl2E-01- 
1 .403c.-f00_ 

•«:»999t.-o^- 
7.60bt-0i- 
1 ♦403t+00 

■2.73yE-0i: 
7.b04E-01 
•l.39at*00 
•2t313E-02 
7.5blE-0l 
1 .360000 

■1.7bbE-02 
7.459E-01 

•I •37bL.+00 
•1.444E-02 
7.400E-01 
•1.3bbt+00 
•b»08oE-O3 
7.2b7E-0l 

■1.337E*00 
-3.310E-03 
7.131E-01 

-1.322E*00 
-1.300E-04 
7.037E-01 

-I.150fc*00 
I»OOOE-Ob 
2.160£^00 

-l«000t-05 
l»600t+00 
1.000£-05 

-1.000E-05 
1.000E-05 

19        26 
113 
197 
193 
70 

124 
200 
194 

71 

4.395fc-0l- 
3.7b0E-01 
4.9b2£-0l 
2.934E-01 
2»b00E-0l 
3.316t-01 
1.17bE-0l 
1.000t-0l 
1»3«:9E-01 
2«V3öfe-02' 
2«b00£-02 
3.323E-02 
1.4b6E-01 
1.250E-01 
1.6b0£-01 
2.641E-01 
2.2b0E-0l 
2.966E-01 
3.227E-01 
2.7b0£-0l 
3.b4ot-0l 
4.395E-01 
3.7b0E-0l 
4*962E-01 
5.267E-01 
4.500E-01 
5.942fc-01 
5»8«7E-01- 
5.000E-01 
6*592E-01 
7.437E-01- 
6*312£-0l 
l«730fe,»,00- 
6.950E-01 
2»140E+00- 
1.370fc-f00 
1 .600E+00 

29 40 
125 136 
201 202 
196 199 
62 83 

7.34öfe-01- 
2«101E-02- 
1.362C+00- 

■7.bl2t-0l- 
2.757E-02- 
1•3b7E*00- 
•7.606C.-01- 
2«9«9E-02- 
1 .403t-«-00- 
^•ÖO^E-Ol 
c.739fe-02 
l»40bE+00 

•7.5blE-0l 
2*313£'-02 
1*3V8E>00 

•7«459t-0l 
1.7556-02 
1.3b6£+00 

•7»400E-0l 
l*444£-02 
i«37bt-*-00 
•7.257t-0l 
b.0Ö0t-03 
1.3b6E+00 
•7.131E-01 
3.310E-03 
1.337e-f00 

■7.037E-01 
i.3ooe-o* 
l*322£-f00 
-b»5b3t-0l 
2»0b7t-0l 
-1.600E-«-00 
1«OOOE-Ob 

-l»300E-»-00 
4.b43t-01 
1.000E-05 

41 
137 

94 

S2 
146 

.061E-01- 
•a65£-0l 
•925E-01 
.710E-01- 
.b78E-0l 
.965E-01 
«0b4E-0l- 
•031E-01 
.b90E-0l 
»711E-02- 
.b78E-0i 
»977E-02 
.3b6E-0l- 
•269E-01 
.967E-01 
•439E-01- 
•320E-01 
•570E-01 
•9O0E-01- 
.d3bt-ol 
•3b9E-ol 
•061E-01- 
•bbbc-Ol 
•925E-01 
•Ö71E-01- 
•637E-01 
•0b9£-0l 
.409E-01- 
.lb2E-0l 
'•S56E-01 
..312E-01- 
•4376-01 
• 195e*00- 
1.0026-01 
•378E+00- 
:«140E*00 
.•saoE-foo 

S3   64 
149  160 

3.656E-01 
1*4876-01 
Ü. 4296*00 
3.7716-01 
1.5706-01 
29 46864-00 
3.8306-01 
1.6076-01 
2.49b6-*-00 
3.8146-01 
1.5856-01 
2.S006-H)0 
3.7676-01 
1.5416-01 
2.4926*00 
3.6946-01 
1.4786-01 
2.4746*00 
3.6496-01 
1.4426-01 
2.4626*00 
3.5476-01 
1.3656-01 
2.4296*00 
3.4616-01 
1.303E-01 
2.3976*00 

■3.4006-01 
1.2606-01 
2.3736*00 
•2.0576-01 
5.5536-01 
•8.6946-01 
3.2206-01 
•4.6436-01 
1.3006*00 
7.8006-01 

65 
161 

76 
172 

95  106  107  118  119 

1.3366-01-7•2606-02 
-3.4406-02 b.000E-02 
6.3606-02 6.360E-02 

7.2806-02-3.390E-02 3.3906-02 
-5.0006-02 6.1006-02-6.1006-02 
-6.3606-02 
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UTRANL-II Program 

With the present mesh, two cases of flow are to be computed.    These 

are 

M     = 0.804, k = 0.253       (Subcritical) 
00 

M     = 0.903, k = 0.228       (Supercritical) 
00 

Input 

Listed below are typical input cards to the UTRANL-II program to 

compute flow field for the above cases. 

UNbTEAUY     SUi-UTION   -   NACA   64A006   —   ^OZ   NODES   —   M^O-bO*   —   **0.Z*3 

0.25 0.5 16» 32» .604 
• 0 

0.2bJ 
0. 

1.1 
C 

0. 

(Insert cards generated in UTRANL-I) 

UNbTEAUY      SOLUTION   -   ^ACA   64A006   —   202   NOJtS   —   WVQJ   "   «.0.226 

UoJ 0.226 1.1 0.25 O.b 16. 32* 0. 

C. o. 

The above cards indicate there is no non-zero initial guess furnished to com- 

oute the case M    = 0.804, while the case with higher Mach number will use 

results computed for lower Mach number as initial guess.    In all cases, the 

nonlinear boundary condition on the actual airfoil surface is to be used,  as 

suggested by IOPT(3) = 0 in the options card. 

Output 

The output from this program includes printouts and punch cards for 

the solution for the last two time steps. 
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The printouts are in the following order: 

Title of the problem under study 

Convergent limit (a positive number for steady flow) 

Control keys specified in the options card 

Reduced frequency, amplitude for the oscillating flap, 
x-coordinates for the hinge point and the trailing edge, 
freestream Mach number, initial time level when com- 
putation is started, mean angle of attack, circulation for 
the airfoil at its mean position 

Total number of elements, number of nodal points, and 
the full bandwidth of the resulting matrix equations 

Element numbers and element node points 

Nodal numbers and their corresponding x- and 
y-coordinates 

Boundary nodes for each type of boundary 

Slope for nodes on the airfoil surface 

For each time step, the computed results at all nodal 
points are printed, together with a printer plot dis- 
playing the pressure coefficient on the airfoil surface. 

For each time step, the unsteady pressures   on the air- 
foil, for the upper and lower surfaces, and their differences, 
are printed.    At the end of each period, the mean pressures 
on the airfoil, for the upper and lower surfaces, and their 
differences, are also printed. 

The above items except problem parameters and computed results have 

also been printed in the UTRANL-I program, but are repeated here for com- 

pleteness.   For brevity, only results for a typical time step are listed on the 

next five pages for reference. 
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2.      FLOW OVER A NACA 64 A410 AIRFOIL 

This problem was analyzed using the mesh shown in Fig. 8, which con- 

sists of 173 elements with 202 nodes.    The procedures described for the NACA 

64 A006 airfoil problem also apply here.    However, the data coded on the DATA 

statement in the BLOCK DATA subroutine should correspond to NACA 64 A410. 

Also modified slopes, taken to be half of the slope at 0.5% chord, are imposed 

at the two leading edge nodes.    Input cards  (page 66) and some typical output 

(pages 67 through 71) for UTRANL-II are listed here for reference.    The non- 

linear boundary condition on the actual airfoil surface is used. 

The case to be computed is: 

M     = 0.700, a = 2 deg      (barely critical) 
oo 

where o is the angle of attack. 

-■■--  '-.iii i-ihii^r--—r--" " wiaMxiimut ■-'-*•■*■■**■——■'"■'■  ■—^-—       ■ 

iiHafti^-^^tta-liJ^^ 

MAüUt, 
'   -         -'■  



lAlU.PIfiWIlJllJIWlIUUHlMUBIPl  lUIMJI   -mjlBWIl- ■>•■ mmmmmmmm 

Figure 8 - Finite Element Mesh for NACA 64 A410 Airfoil 
(173 elements, 202 nodes) 
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■pp  ' .,,...,.„... -——-——^-^.„»^„v        ll^l III      ^^^„^-,„-.-„ ..„.„„J,,.,.,,,.,.,.,.,„,_   ,.,_,.,.— 

Input Cards to UTRANL-I1 for NACA 64 A410 

^IFTIN^   SÜUUTION   —   ^ACA   64A410   —   20<i   NOUtS   —   M = 0.700 

,700 0.0 0.Ü 0#£8 0»5 1# 

.£ a« o« 

20» 

(Punched cards from UTRANL-I). 

Results for the last time   step are  listed on the next five pages for 

reference. 
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a. 
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^ «-« nj N 
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I I     I     I 
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coW(OJ,N--J,<4'lAPOt-i(-3t^Niaor^WOi\lü3<S(ruiJ>4-4a>THmvO 
vi>KesiN.v«(r^uNin4,coT4tn<34-i\j<H<H4-^iocou\-4>a^in^i)«-i 
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UJWUJUJUJUJUJUJUJUJUJUJUiUJUJUJUJUJUJUJIiJUJUJUJUJUJUJUJUJUJUJUJ 
na^ctnvCiPK •'DT^tos- (ro(Dfuciinvo<4'poeoo(vj^otvD^oin«Ho 
il>f»iPf)-»(r^O-r4'»-tao»-t-»coj'WO(\'fgu)csiKPOin«aovCaO«fy4,PO^'H 
«H<M(MeinU3iniAKrNJoKN-poin(r<rfncri\jrjovO^)(TtKin^'^*-''ciC3 
p'>N<o*otn.*r«>na*4M*4a>NtOU>irt<7'o«-iot<ot^FwO*o('*o*9teoe 

I 
Ul 

I 
UJ 

1 
UJ 

o ■» 
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80   5001LU 
llllli:i###IOOOX)lXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX*XXXXXX)(XXXX 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx+xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
X 
X 

-1.125E*00+ 
X 
X 
X 
X 

-9.000E-U1* 
X 
X 
X 
X 

-6.76CE-U1 + 
X 
X 
X 
X 

-<..500E-01* 
X 
X 
X 
X 

-2.250E-ni+ 
X 
X 
X 
X 

u 
+ 

+ 
•f 
+ 
+ 
+ u 

+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

+ + +♦♦+ + ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦+♦♦t+*♦♦♦♦♦♦♦+♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦+♦♦♦♦♦♦♦♦♦-• ♦♦♦♦♦♦♦ 
X 
X 
X 
X 

2.Z50E-01* 
X 
X 
X 
X 

<».500E-01 + 
X 
X 
X 
X 

6.750E-01t 
xu 
X 
X 
X 

9.000E-Q1+ 

♦ x 
♦ L X 

f                     * ♦                 L   ♦                      ♦             UX 
+ L                  .                 X 
+ LX 
♦ x 
+ x 

<                        ♦ ♦                        ♦                       »                 X 
♦ x 
♦ x 

+ x 
♦ x 
+ ♦                        ♦                       ♦                 X 
♦ x 
♦ x 

X 
+ x 

+                    + ♦                     ♦                    I-              X 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX+XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
5.000E-01-3.750E-01-2.500E-01-1.250E-01   0. 1.250E-01   2.500E-01  3.750E-01 

COHPUTED  CIRCULATION .37316E+00 
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Appendix A 

FORTRAN LISTING OF UTRANL-I 
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Appendix A 

A FORTRAN listing of the source deck for the UTRANL-I program is 

presented in pages 74 through 82.    The program, as presently configured, 

requires 46RK words to execute. 
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C 
C 
c 
c 
c 
c 
c 

PROGRAM MAIM INPJT365»OUTPUT*131»PUNCM = 65.TAPtS*INPUT» 
I    TAPt6=0uTPUT) 
Gfc-NtRATt 2-D MESH CONSISTING OF iWlANGLES ANÜ UUAORiLATtRALS 
TO INVOKE ANY OF THE FOLLOWING OPTIONS THE CORRESPONDING KEY 
IOpT<I) lb READ IN AS 1 
IUPT(9) —MESH oENERATED IS FOR AIRFOILS OTHER THAN THE 0»06 
CIRLULAH-ARC AIKFOIL 
I0PT<I2)—PLOT MESH 

DIMENSION TITLE! 12) ♦ IÜPTU2) 
DIMENSION NDEL(400«4)«X(400)*Y(400) 
DIMENSION NIDS( 3) «NIDO» 100) »VAF« 100) 
EUOlVALtNCE INIDS<1)«NFARF)« <N1DS<2)«NWAKE)» <NIDS(3)»NBODY) 
NPM=4 00 
NEM=400 
NCN=10 
HEAD AND GENEKATE DATA 

10 READ (6.805) (TITLE(I>«I»1«12/ 
IF «E0F(5)) 2000»20 

£0 CONTINUE 
READ 820« (IUPT(I)«Isl«12) 
CALL M£SHÖW(NtM»NPM«NDeL»X«Y»NELb»NPi>.MAXN.N:D«VAF« I0PT ) 
READ 825* NlOS 
DO 120 1=1.2 
NS=NIDS(1) 

120 READ 825. (NlD(I•J)•Js1«NS> 
NBw=6*(MAXN+l) 

IF «10PTU2) »EU» 1)  CALC' MPLOT(NEM.NPM«NELS»NPS»NDEL«X»Y) 
PRINT OUTPUT DATA 

910* (TITLE«I)« 1*1,12) 
820* (IDPT(1>«I=1«12) 
920* NELStNPS*NbM 
930 
N»l*NELS 

2Ü0 

230 

PRINT 
PHI NT 
PRINT 
PRINT 
DO 220 
PRINT 825. 
PRINT 935 
DO 230 /=! 
PRINT 940» 
PRINT 
PRINT 
PRINT 
PRINT 
PUNCH 
PUNCH 
PUNCH 
PUNCH 
DO 350 

N*(NDcL(N*J)*J«l«4) 

»NPS 
I * X( I)«Y( I) 
(NIDI 1»I)»I«1»NFARF) 
(NID( 2«I)♦1 = 1.NWAKE) 
(NI0( 3*1 )•I«1»NB0DY) 
(VAF( I)t t»t*NbOOY) 

OUTPUT DATA 
825* NEi-S*NPS.NÜW. (NIDS( 1 ) * 1*1 *3) 
825* ( «iMDEi.« I «J) * J*l *4)*I* I.NELS) 
840* (XI I ) »Y( I ) .lal.NPS) 

1 = 1*3 

951* 
952* 
953* 
955* 

Nb=NIDS(I) 

74 
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 1     -»'i np-SiM 

3b0 

8Ü5 

840 
910 

I 

PUNCH   823»    <N1D» I«J) •~'!Sl«N;'> 

PUNCH   840.     <VAF(I).l«l.NbODY) 

FORMAT (12A6) 
(40tg) 
(lei",) 
(IP8E10.3) 
(lHl.2Atl2A6/>') 
(IHO.-l^O. OF EUtMENTS»«»^.»  NÜ. 

i   FULL oANDwlDTH«»t14//) 
(•OtLt. NO. AND ti-CMENT NODtb«/) 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

OF NOUtö»» «14« 

9J0 FORMAT 

93'j 
940 
91.1 
9b2 

9b5 

2000 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
GO TO 
bTOP 
END 

t«0    NODE»« 6X««X( 1) ««^X.'YC !)•/> 
(16«     2tl5«5) 
(«ONOOLS AT FARF1ELÜ«/(20IS)) 
(•ONODcS ON LINE OF SYMMETRY«/(201b)) 
(•ONOOt-S ON THE A1WF0IL«/(20I5) ) 
(»OSLOPE ALONG NODES ON AIRFOIL«/(8EI 5.5)) 

10 
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SUBKÜUT INL MtiHoW ( NtM »NPM • NOti- » X « Y » NLLb « NHb , .viAXN . 
I NIDtVAF«!JPT) 
GtNakATL MtSrt ANl) COMPUTE THE MAX. ü iKFc.KL.NCt IN Nüüti 
ülMLNSIUN NDtLdMtiM»^) «X(NPY) , Y ( NPM ) 
DIMENSION IDUMPI <♦) .ÜUMP(4) 
JIMdNS1 ON NIÜ(3♦100).VAF( I 00)»I OPT I It) 

10^0 FORMAT{1615) 
lltäC FORMAT <3I5,5F1Ü»0« 15) 

OtNEfiATt EuEMt-NT NODE NUMbERb ANÜ THEIR MAXIMUM OIFFERENCL. 
DO 100 N=l »h EM 
UO    100 J*l«4 

100 NDEi-<N«J)=Ü 
NELS = 0 
MAXN=0 
K.UUNT=0 

IdO RtAO I0<iut N^t»N.tl »K.EJ.KDI «KDJ» 1UUMP 
IF (NPE .EO, 0)  GO TO 129 
J1=-KDJ 
DO 124 wi»l»KEJ 
Jl = Jl *   <0J 
J2 « Jl - KDl 
DO 124 I=l»Ktl 
Nt-L^ = NEt-S + 1 
Jn   =   J2 + •«.Dl 
DO 124 K=l«NPt 
NDEl-(NELS»K) ■ IDUMP(<) + J2 
CONTINUE 
DO 126 1=1«NPt 
DO 126 J=I«NPc 
NDlFF=NDtl-(NEi-S»I )-NOEL ( NELb f J ) 
IF (lABS(NDlFF) .GT. MAXN)  MAXN=IAbS(NDIFF) 
GO TO 120 
IF <NELS »GT» NtM)  GO TO 300 
GENERATE NODAL COORDINATE^ 
READ 102Ü» NPi 
READ 1200« XLctXTE 
XCENT=<XL£+xTt)*»5 
FAcT=l./(XTE-ALt.) 

1200 FORMAT (2F10.&) 
KOuNT=0 

l-»0 READ 1150« NÜ»NNI «NDI «RATIO.DUMP« ID 
IF (ND «tO. 0)  GO TO 140 
IF (IO.EO.0) GO TO 132 
IF (KOUNT.NE.O) GO TO 131 
IF (I0PT(9).E^.l) CALL RAIF (Iu.DUMP<1).DUMP(2).VAFS) 

131 K>OUNT=<OUNT+1 
NIO< 3.<OJNT >«iM0 
CALL GÜCW (IJ.DOMPC1).DUMP(2)«UUMP(3)«DUMP(4)« 

1 XCENT.FACT.VAFi) 
IF ( I0PT(9).tJ.l) CALL. RAF ( 1 D . ( OuMH (I )+.5) * 1 00. « DUMP ( 2 ) . VAK S ) 

VAF(<ÜUNT)=VAFS 

1^4 
l*:b 

lc;6 

129 
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1 

IJ2   CÜNTlNUt 
T£N1P2 = 1*0 
IF (NNi »i-T, 
Jl = NNl - 1 
Tc-MPl = l«0 
T&MP2 ■ 0«0 
00 134 1=1«Jl 

IJ4 
Üb 

3) i0 Tu 13b 

TtMPZ + TcMPl 
WATIJ*TCMP1 

lOUMPl3)-DUMP(l))/TEMP2 
(DUMP(4)-DUMP(2))/TEMP2 

+ 
+ 

TEMP3 
T£MP4 

TcMPl 
TtMP2 

137 

140 

300 
->10 

400 
410 

T=.MP2 = 
TcMPl « 
TdMP 1 = 
Tt..v|P2 = 
Jl = NU 

TEMP3 = 
TC.MP4 = 
DO 137 
X(Jl) = 
Y(J1) = 
Jl = Jl 
TtMP3 = 
Tt:MP4 = 
TtMPl = 
T£MP2 = 
GO TO 
IF (NPS 
WcTUHN 
INSUFFICIENT A«KAY DIMENSION ASSlüNtD 

PH INT 310« NEL3»^£M . *.. 
FORMAT COTOÜ MANY ELEMENTS« «bX« • NEL.a= •« 14 «5X « .Nt.M= • « 

CALU EXIT 

CALL- EXIT 
END 

0*0 
0*0 

I = 1« NNI 
0UMP(1) 
DUMP(2) 
••■ NQl 

= TEMP3 ♦ 
a TEMP4 + 
= WATlü*TLMPl 
= HJATlO*TtMP2 
1J0 

• GT, IMPM)  GO TO 400 

14) 
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C 
C 
c 
c 

1 

aUBHiüUTiNL   MPi-jT ( XC. YC «NUUh «NNtNt «Nfc.L.3»NPi) ) 

U^E   CAUCOWP   PuuFTtK   TO   PL.OT   üclNtWATtÜ   Mci>M 
CODtD   öY   CApT.    otWWY   VANKtUHtN   OF   AFFüL.    WH 1GHT-PATTERSON   AFts 

JlMENSlÜN   XC( IHN) »YC(NN) . NUDE < NE . 4 ) .XP(7> »YP(7) 
UEFINE   PLOT   SlZt.   AND   PLACE   PEN    JN    INITIAL   POSITION 
ÜO   5   L.= I»NPS 

XL{L)=XC(L)»8» 
5   YC(L)=YC(L.)*Ö» 

L*»LL   Pi_OT(0»0t-J«0i-3> 
CALL.   Pi-oT ( l,0»3»Ü«-3) 
ÜKA*   EACH   ELEiviti<r    IN   TuHN 
00    10    I=l.NELO 
NPE = t3 
IF    (NODt<I«4)»tU.O)       NPE=4 
NPP=NPE-1 
DO   V   Jal»NPP 
XP< J)=XC(NODE( l »Jn 

9   Yh»( J)=YC(.\ODc( I »J) ) 
XP(NPt)=XP(I) 
YP(NPE)=YP(1) 
XP(NP£+l )=Yp(r^L+l )=0.0 
XP(NPE+2)=VP(NPU+£) = 1 »0 

10   CALL   LlN£(XPiYP»i4Pt. I .0»0) 
KDWITE   NOOAL   NoMoEHij   AND   FINALLY   ENÜ   THE   Pi-OT 
Ou   20   L=1»NPS 
PL = FLOAT(l-) 

kO   CALL NUMüER(XC(L)«YC(L)••14tPLtO»-l> 
OALL PuUTt. 
RETUPN 
END 
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l 

bUöWÜUTlNt   GÜCK    U« X.YO.XF.YF.XCW.FACT.U.YÜX) 
UcNtWATlNÖ   THL   büüY   (.tOMtTHY   KO«   A   ClftCUUAW-AkL   A.kFOlL 
FY(X.R.H)=i3QKT(K*K-X*X)-M 
DFY(X.Y.H)=-X/(Y+H) 
QATA   R.H/4.10l6o67«A«1516667/ 
Xt. = XCft*FACT 
hi2 = XC**2 
XO=X»FACT 
YO=FY(X0»W»H)*I 
DYDX=DFY(XO»Y0*I»H)*! 
IF    (ABS(ÜYDX) •ot.UE-10)    CO   TO    100 
IF    (OYDX.Gc.O«)    JYDX=1.E-10 
IF    (ÜYDX.LT.0.)    t>YUX=-l.E-10 

100   CONTINUE. 
YP=-l./üYüX 
YYX=Y0-YP*X0 
YYX2sYYX«*i: 
YPl=YP*»2+l. 
UISC=YYX2»YP**2- 
SD = SORT(Dli>C) 
IF (YP»I «l-T.O«) büa-SD 
XF=(SD-YYX»YP)/Y PI 
YF = SQf;<T(R2-xF*XF)»l 
Y0=Y0/FACT 
XF=XF/FACT 
YF=YF/FACT 
IF (AbS(X0+.&)«üT^l't-S) 
Y0=ü. 
GO TO 130 

lÜO IF (AöS(X0-.5»•GT.l.E-S) 
Y0=0» 

1J0 CONTINUE 
riETUWN 
END 

•YPl»<YYX2-«2) 

GO TO 120 

GO TO 130 

:; 
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c 
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SUBHOUTiNt   RAIF    (ID«X1«YH.QYDX) 
GtNEKiATt   Y-COOKUlNATE   AND   SU«FACc   SOuPL   KOh 
L»ATA   CilVcN    IN   bLJCK   DATA   SUfaROOTINt 
COMMON/AFG/XLOO) »XU(30) .YYLOO) »YYOOOJ'NN 
ÜlMtNSlON XX(30)»YY(30)«XP(30)»YP(oO) 

1.YPÜ(30»2)»YPL(3J).YPU(30)•YYO(30.2) 
2»XXD(30»2)t XP0«30»2)»XPL(30)«XPU(30) 
cv-UlVALcNCE (YPLH I« I) .YPL( D ).<YPD( 1.2)«YPi;(l ) ) 
1»(VYD( 1 «l ) «YYLi 1)) 
2«(XX0(1*1)«XH1)) 
3« (XPD( l«l ) .XPH 1) ) . (XPDt I »2) »XPu( 1 ) ) 
N2=NN+l 

XL«XPL«YYL«YPL) 
AÜ»XPO»YYO«YPU) 

(NN» 
INN» 

CALL GMPG 
CAn- GNtHG 
WÜTUWN 
tNTWY «AF 
DO 760 1=1»N2 
1ARG=(lD+3)/2 
XX<1)=XXD(I«IAK0) 
XP(I)-XP0(l.IARG) 
YY( I )=YYD( I «IAKCJ) 

760 YP( I )=YP0( UIARG) 
OQ   600 J=l*NN 
JP=J+1 
XJ=XP(J) 
XJP=XPIJP) 
IF ((XI-XJ)»(XI-XJP)»LE«0.) 

I /(XJP-XJ) 
IF (JtOcUNN) äO TO 600 
XXjsXX(J) 
XXJP=XX(JP) 
IF ( <X1-XXJ)*{X1-XXJP).LE:«0«) 

1 »(YY(JP)-YY{J))/<XXjP-XXJ> 
BOO CONTINUE 

YHsYH*»0l 
IF (XUGT«l.t-3) «ETUHN 
YM=0« 
DYDX»0« 
HiLTURN 
END 

DYÜX = YP < J) + < X1-XJ)*(YP(JP)-YP(J) 

YH   aYYlJ)+(Xl-XXJ» 

80 
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700 

SOBWüUTlNt GrtPÜ (NN.XX.XP.YY.YP) 
DlMtNSlON XX(30>«YY(30).XP(30).YP(30» 

NlaNN-l 

00 700 1=1.Nl 
lPml*l 
YPlIP)«(YY(IP)-YY(I))/(XX(1P)-XX(l)> 

XP(IP>«tXX(lP»+AX(I)>*«5 
CUNT 1NOC. 
XP( 1 > =XX( 1 ) 
YP( i)=YP(2) + UP(l)-XP(2))*iYP{3)-YP(2>)/tXP(3)-XPt2)) 

XP(N2>-XX(NN) 
YP(N2).YP(NN)-MXP(N2)-XP(NN))*(YP(NN)-YP(N1)>/(XP(NN)-XP(NI)) 

HtTURN 
END 

C 
c 
C 
c 
c 
c 
c 
c 
L 
C 
c 

bLOCK DATA 
DATA FOR NACA Ö^AOOb AIHFOIL 
NN  NUMüc^ OF POINTS ÜKININÜ THt THlCXNLSS OlSTRlöUTION ON 

tACH SüKKACF JF THt AIHFOIL. 
XL  A*HAY SlJKl^G X-CÜOWUlNATt. IN PtHCfcNTAUc MtASü«cO FHOM 
UtAUING uuüE, Jf NODES ON TM£ UOWtH SURFACL or THL AlHFOlL. 
XU  ARPAY STOKINÖ X-CÜOWülNATt. IN PtRCtNTA^ McASUrtt-U FMOM 
UaAUINU uUOE. OF NODES ON THE UPPck SüRFACu üf T«L AIWFOIL.. 
YYL AW«AY STOKI^O Y-COOHUINATE. IN PERCENTAL, OF NOOcS ON 
THE LOwtR Su«FACt OF THE AlRFOlL. 
YYU ARRAY STOKING Y-COORJlNATt, IN PERCcNTAOt. OF NüücS ON 

THE uPPtR SuRFACL OF THE AIRFOIL. 
COMMON/AFG/XLl3J»»^t30).YYL<3ü).YYu(30).NN 

DATA NN/26/ ,    ,„   ,    oo  >-.. 
DATA (XLd ).lsl,2P)/0...5.«7b.U2o.£^.b..7.t>.10..1=..20..*:->.. 

I J0..3b..40..AS..b0..bb..ö0..Ob.,70..7b.,b0..öb.^0.^5.,100./ 
OATA (XU(I).i = 1.2t»/0...b,.75.l.2b,2.b.b..7.ä,l0..lb..20..^.. 

i Jo..3b..AO..^i..b0..bb..b0..tob..70..7t3.,ÖO..ob..90..^..100./ 
UATA ,YY1_( I)»l = i.ü6)/0..-.485.-.bbb.-.7JV.-I.016,-1.3^9. 

1 -X .6d4,-l .91V.-2.cöJ.-2.bb7.-t.7-7,-2.^6.-^.^77.-^.V99. 
.; -2.V4;,.-.;.823."2.öb3,-2.43b,-«:.lbü,-».907,-1.602.-1.^00. 

3 -.967.-.649.-.331.-.013/ .    ...    ■     ,  ^v  , QIO 
DATA <YYU<I).l = i.26)/0...4d5..bab,.73V,1.016,l.^«y,l.C,84,l.Vl9. 

i c,üö3,t.bb7.2,/57.2.8V6.2.v77,2.9vV.^43,4..o2b,^.bbJ,£.4Ja, 

2 2.188,1.907.1.602,1•285».967,.649,.J3I,.013/ 

END 
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C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

dLOCK   DATA 

THE uPPt« suRfAtt OF TMfc »1HFU1L. 
tO««ON/AFS/XL( 3UI .XU(30> .YYL130) .YVUOO. .NN 

tND 
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Appendix B 

FORTRAN LISTING OF UTRANL-U 
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Appendix B 

A FORTRAN listing of the source deck for the UTRANL-II program is 

presented in pages 85 through 102.    The program, as presently configured, 

requires m^K words to execute. 
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. i3l.H0NCH=öb»TM^t.i3*lNHuTt 

C 
c 
c 
c 
c 
c 
c 
c 

>-«O^WAM   MAIN    U.*PüT»6y»OuTPUl 

1
UNST^V63T«A^N1C PLOW ANAUV.IS UV PIN.T. 
OMNÜ   Lc-AST   SuUARtS   WITH   THI ANGOLA«   ANÜ 
^i?Tl) = l.    übt   KC^OLT^   OF   PUtVIOU^   CAJÄ 
uiHiLE   THt   OTHt«   OPTION   IS    IGNOWcD 
^T^I^I.    READ    IN   NON-Zt«0    INITIAL   GULSS 
XT.5) = 1.    Ll^AKIZtD   BOONDA«Y   CONO.    IMPOSLD 

iOPT(4)M.    UPOATING   THE   CIRCULATION 

tLtMcNT   MtTHOO 
UOADWlLATERAL   ELtMLNTS 
Ab   äT AWT I NO   aot-OTlON 

ON   CHOKül-INt 

I   Y(202).KML<2ü2).COF(202).NlD(3.bO».VAF    bO 
OIMENSION   TITUE(12).IÜPT(12).NIDS(3).AH(60) 

^,ICv:LLNCE4<,U0S.n.NPAWF>.«NIDS<2..NWA.£,.(NlOS.3,,NBODV) 

UATM   GAMMA/J«^0/ 
NPM«202 
NEM=173 
NHM=NPM*3 
NCM=84 
NclCT»50 
EXP=-GAMMA/<GAMMA-1«0) 
C0NSTs0«5*(GAMMA-I»0) 

C 
C 
c 

READ TITLE» 
CONTROL KEYS. AND PROBLEM PARAMETERS 

C 
C 
c 

100 WEAO (5.845) (TITLE<1).I=I•12> 
IF (EÜF(5)) 2000»105 

10b CONTINUE 
^,l3rUc^SC;;^:iH^XTE.0TM.TFIN.T0..TE.T.ALPHA.CIRC0 

pW1NT   TITLE,    CONTROL   KEYS,    ANÜ   PROBLEM   PARAMETERS 

(TITLE«!).I=l»l2> 

iiscIUoil^xiE.RMAC.TFIN.TO.ALPHA.CIRCO.ZTEST 

C 
c 
c 

PRINT 910» 
PRINT 820» 
PRINT 822» 
IRES»-1 
IPRD«DTM 
SUMAC«RMAC*»2 
WKSCxRKSC»2. 
ANDG = AND6*3.1'»IS)926/180« 
ALPHA.ALPHA»3. 1415926/180.    ^ r^TM#eit. _ 
IF (RKSC.GT.O.) ÖTM^Ö.2831853/(DTM*RKS^) 

NipTsTFIN 
Tl=(T0-3.)«DTM 
T2=Tl+DTM 
T3»T2+0TM 
IF UOPTU) .tvJ. I)  GO TO 382 

READ AND GENERATE MESH INFORMATION 

READ 825» NELS.iMPS»NBW»(NlDSm»I-1.3> 

READ 825, < ( NOD ( I .^ > *-»» 1 •* > » l " l •NeL5> 

READ 840» (X(I)»Y<1>«I:,l*NPS> 

DO 110 1=1»3 
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c 
c 
c 
c 
c 

N^ = NILi3( J ) 

liC Ht.Au   b2i.  «Nlb( I ,J),j=1,Ni)) 

«^AU b4C,  (VAF(1),1=1,NüODY) 

rwNulNEÄ^ Ö0Ü.»JMWV CONDITION ON Tnt ilw^Olu ^ 

1 lb 

POS1TION 

iJWt-ACt 

it- ( ii^PK J )  ,(M£ 

^C.VtN»NbOuY/2*2 
JO lib J=1»NcVcNfi 
i r\' U ( J . J ) 
Y( I )=-0.01b 
1 =Nlü(3iJH ) 
Y(I)= O.Ü1S 

1 )  GO TO 1 lb 

116 LONTINOh 

C 
c 

P«INT GcNtrtATcÜ JATA 

cOO 

^'0 

^.■JC 

Ntt-b »iXPS»NbW 

c44 

C 

C 

c 

ibC 

NtOaaÄiSlHb 

PH J NT 9c;0< 
H-^INT S»JÜ 
-»J ^£0 IM=1 .Ntl.6 

PKINT 825. N.((Müt)(N,J),j=i,4, 
PH I NT VJS 
J^ 230 1=1«NPS 

PHINT 940.  I, X(I),Y(n 

«NIO«1.1),1=1,NFARK) 
(MlÜi 2» I ) , 1 = 1,NwA<t) 
(i\Iü( 3» 1 ) . 1 = 1 .NtoUOY) 
(VAF(1),1=1.NuOOY) 

PPINT 
PKI\T 

P«INT 
PHI NT 

9D1 , 
9b2. 
9i)j. 

9ob. 
OC ^44 11=1,NPS 
HML( I I ) =r-<|viAc 
CUNT I Nut 

^cAU NUNZtHO INITIAL ^UtSS OH PROtttU W1Tn Z nHO iüLUTlON 

IK (I0PT(2) ,UE. 1)  GO TO 250 
^AJ 340. <SLP( 1) . 1 = 1 ,NtO) 
KtAÜ Ü4u. (S< I »iMd*) » laltNfcQ) 
Oc   TO   2^:3 
LJO   i6ü    1 = 1 ,NCU 

-)Ll ( I )=o. 
bl-P( J )=0,ü 

C INTtGWATJON      »TAHT   Mfcwt   ANO   Ch 
C P^INT   rAlL    TJ    CJ.Wt-W&t:   ANu   PRCJC 
0 CJNTlNut   TO    iNTcSHATE 

ecu 
F    Ni 
TO   N 

FT    1 
t:XT 

S   tXU 
CAbL.» 

ciUcü. 
OThciR* 

IF 
Ibd 

SO, 

2fab   T1=T2 
TrJ=T3 
rj=T3+UT.l 
I*ES=lHcS+l 
HURIVIOLATC   iYjTt^i 
uO   ^66   1 = 1 .NtivJ 
uu   ebb   J= J .Nd<v 

Of- ALObowAlC cQUATICNb 

iiM ■iiiiik ■ —-  --— 
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CIKCUUATION   =««t-14«ij/) 
GO   To   idba 

jta   KoWivlAT    ( lMO»-^üi'liJuTcD 
b<iO   FORMAT    (4012) , ^    .w^ia      •    c 
a^   FORMAT    (1H0.-   «NbC   ...F9.b«4X.«ANt*   •• .FWÖfSX» • XHP   ^.F,.^, 

1 Jx.'XTc   =.,F^.3.3X.«»lviAC   .•«FV,5.3X«»TF1N   »»tFVtbOX» 
2 «TO    =«.F9.5/1H    t'ALPHA   = • *F9.b . 3X. • C 1RC0   = • »(■ 9.5 . 3X. 

3 «ZTEST   =».F9«5/) 
b<ib   FORMAT    ( lölfi) 

(8Flo»0) 
t IPöE;1J.3) 
(1H «IJAO) 

(IH0,-IM0. OF tLEMtNTS=«.14,»  NO. OF N0Jca='.14. 
i   POLL bÄNü*lüTN=«»I4//> 
(«OELt« WO» ANO tUhMENT NOOtä«/) 
COULD NOJEt. lOX.«X(I)»»l2X»»Y(n«/> 

(    I10t2£l5.5) 
(•ONCDtS AT FARFItLO«/(20l5)) 
(•ONODtS ON LINE OF SYMMETRY•/<20 I 5)) 
(•ONOÜtS UN THE AIRF01L«/<20I5)) 
(•OSLOPE ALONG NODES ON AIRFÜ1L•/(btIb.5)J 
(IMl, -MACH NUMoERs»^6.3• 

bX.'TIME iNCHÜMENT =«.F6.4.5X.«T1ML uLVEL =«.(-6.2/) 
S-dO FORMAT COFAlL TO CONVERGE IN SPECIFIED NO. OF ITERATIONS') 

Vbb FORMAT UHl ) 
2000 STOP 

END 

Ö35 
04 0 
b4b 
yio 

y3o 
93b 
940 
9b 1 
9b2 
9b3 
Vbb 

1 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 

FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
FORMAT 
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c 
c 
C 

bUBWOOTlNt OUTP (S.SLP«SL.l »RML.CÜF.SUMAC.CONST.tXP. 
I ANüG» rRtS«NPSt''*B«'«NkMtPCTe«Nlt>«NtoOOY«NöCTt IP^u) 

PWIM CUT rJESULTS FO« THL CuHWuNT TIMt STtP 

L.UMMÜN /CuMi/MMt a)«AMT(3) •AMTTl3)«Tl«T2»T3»üt 
JIMENSIUN i,(,\<i-<MttNJb»/) «isLP(NWM) .i.Ll(NWM) .WN\i.(NPb) .CUF(NPS) 

1, Nlut3»NüCT) 
PW1NT ^75« I«t.S 
IND = 0 
PCTE=0« 
ÜÜ   305   J=l«NPi 
IIs3«J 
li:=I 1-2 
PÜT = S( I2«NtiW> 
UPT=S(1I-l»NüW) 
V=S(1l«NbW) 
Ü=UPT+l«0 
Ui>Q = U*tJ+V*V 
PHT«PÜT*AMTt3)+iLP{ I2)*AivlT<2)+bLl ( 1 2 ) *AMT ( l ) 
ASO = CÜNST*< 1 .0-USU-2««PHT) + l ./SClMAC 
KM=SÜPT(USU/AbJ) 
PWA=( l.+CiJNsT*RM*«2)»*EXP 
CPS*-2«»UPT 
CPu=-2«*PHT 
CP=CPS+CP(J 
CPU=CP 
IF   (Aöi>tANüG)«GT.l.E-b)   CPU        =CP/AND(» 
i>< J» l )=CPU 
COF(J)=SUMAC*t1»0+2.4*UPT) 

PADW = Aöä ( ütlLM ) * 1Ü0 • 
WML < J ) »»«M 
IF (PAOM.LE,PCT£) GO TO 305 
INQSJ 
PCTEsPADM 
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Jüü PUINT 97bt j.PJf .UtV.COFlJ).«Mi_( J) .PWA.CPU. 
PW1NT dlO» iNDtPCTt. 
INPWU= »WLS   /IPWü«lP«D-lWtS 
PKJNT Vota 
Nc:vE.N = NbÜüY/2*2 
öü 500 i = l «NcVEN»«: 
I Ul-t-l 
IL = NIU<J»I ) 
IUSNIDCJ«i1) 
ÜCP=S<IL«1)~S(lU*11 
S(I .3J=0CP 
IF ( INPKJ«NE» 0) ^»0 TO 400 
S<1.2) =(S(I»2) +S(IL.1)*«5)/IPH0 
b(I1.2)=(i(Il»2)+S(lU»l)*.5>/IPWJ 
USuM=Stl«£)-ä(IlfH) 
PKINT 9Ö8. sni»2) •b( It2)«DbUt*l 
i.( 1 .2) =Si lLflJ*»ö 
S( I 1 .2)=S( Iu»i)*»5 
Gü TO 500 

4U0 S(Ii2) =^(I«2) +S(ILtl) 
ä(I1«2>£S(I 1*2)+S(IU*I> 

bOO PWINT 990« I » lü» II-»SC IU«l ) «S( IL» 1 ) »OCP 

CP.DtLM 

tilO   FORMAT <IH0.-N0JES =• •I3»&X» »MAXC JticM) PCT * • « IPL. 10 »3/) 
975 FORMAT (1H0.4X»-TIME STEP =»«14/ 

1 IHO OX» «NODE-»7*« «PMIT«.10X»»OCÜM» »10X» «VCOM»«!IX« »COF» » JOX» 
2 «LMAC«•llX.-PKA-.lIX.»CPU« »12X»•CP•»10X» »DELM«/) 

97b FuR(»iAT ( lb» lPyti.H«4) 
^Ob FORMAT UHO»aX»-I•«faX««lu«»ÜX«•IL«»7X»•CP-UPPtW»»7X. 

1 «CP-LUÄeW» , 7X»-0CP« «3X« »AVE-CP-»-« . bX . «AVE-CP-« » oX « • bTEAOY-OCP •/ ) 
9bb FORMAT  (75X»iPJtlb.4) 
9*0   FORMAT (31 lO»iP-»cl5.4) 

KETORN 
END 
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_.UUf<OU T1NL   BÜYCONtNlÜJtNlU» NbC T . V AF . X . Y . NPM t b » ^LP « NKM . NCM t 
1 NLU. NU*, ALPHA. KMA^tClWLO tKLV«XHP,AN;JljtWX.jC.iJL I . lüMT ! 

IMpOblTlvJNU   Jh    THt   UÜUNUAKY   CuNOlTluNt, 

CWMMoN   /•«-.wiMi /MMI 3) »AMT< 3 J «AMTT t 3) tT I • Tgt Tj»UT 
UlMLNblON   NIU5( J) .NIOO.NÜCT) »VAf- (NUCT) . X < NPM ) « Y ( NPM ) « 

I    ia < NwM « NC W ) , b LP ( \HM ) « iL 1 ( NWM ) « I OPT (12) 
DATA   Pl/J.Ulp^b/ 
Nti*l =NtJ*-l 

NFAKf-=Ni JS( 1 ) 
NPAlw=NlaS(2)/2 
NttODY=NJDb(3) 
CNsT=0.b«ClRCO/PI 
WÜOT=SUKT(1,Ü-R^AC*RMAC) 
ÜÜ 120 J=l.NoODY 
lt.3 = NIO< J« J) 
It: = 3»IEJ 
uUAN=vAf- ( j)-MLPriA 
XkEUU=X(It3)-XriP 
DUUAN«0« 
IF lX^t:0U«LT»ü» ) C»0 TO 90 
AkGU=KKSC*T3+l»5 707963 
DuuAN =   ANL)G»(C0S< APGU)-XREDU* HKSC*S1 N( ARCu) ) 
IF (XRE.ÜU»LE«l»t-5) DüuAN=DUUAN«.b 

^0 C'JNTINUt 
IF ( 10PT(3) .t.U.1) GO TO 96 
Du 95 K=2«NBWi 

^5 S<1L-1.K)=S( It-i»K)+vjUAN*3( IE«K-1 > 
S( Ic-l «Naii/)=S( It-l«Nb«)+UUAN*S( It.NbW) 

96 CONTINUE 
00 100 <=l»Ndw 

IU0 S<It.K)=0«0 
S( I£•NHBW >■1•U 
b( It..NbW)=0uA;M+L)wUAN 
IF (IÜPT(3),tJ.i) ÜO TO 120 
S(IE.NHbW-1)s-ÜUAN 

lc:0 CONTINUE 
CALL TOWV (1•) 
OO ^20 N=i.NPMIK 
1I_=3*N10(2.2*^-1)-3 

IO=3*NIO(2»r*^)-3 
NC=IL-IU+NMLW 
00   210   M = 20 
IE=IU+M 
1EL=IL+M 
IO=Io-lL 
I0P=ID+1 
DO    190   KciOP.'Mbrtl 

1^0   S( IEL.K)xS( lEL.O+Sl 1E.K-ID) 
S(IELfNöW)=S(l£L»NbW)+S<IE»Nb*) 
OO   200   K«l«NbM 

200   S(IE»KI=0»0 
S( IE«NHbi«)-i .0 
StIE.NC)=-1,0 
IF    <|Vi.NE»2)    GO   TJ   210 
S(IE.NMbW-1)=AMT(3) 

L  — ■    ■-    --—-"-—...^-«m,.,, ,  . ■--'-""-'—^ --I fi ^•- 
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dtQ 

l\ lE^illÄMTm^SLPC lEU-D -SLP( lE-l) )*AMT« I )*(SL1 ( IEL-1 » 

I    -Si-l < lt-1 ) ) 
clO   i-ONTINUfc. 

CUNTINUc 
UJ   Jao   M=ltNFARF 
I=NlU(1«N) 
J=3*l-3 
YMOD=^OOT*Y(I) 
H<bQ=YrflüO**2+X I I ) **2 
YV=-YMOD 
THETA=ATANÜ(YY.X(I)) 
IF    (THETA    .LT.    O.O)       THETA=TMETA+2.*PI 

DO   310   K«l»3 
lEsJ+K 
DO   300   i-= 1 «h 3w/ 
S(lEfL)=0«0 
S(IE «NHbW) = 1» 0 
b»J+l«NB*)=   C«,*ST*THETA 
iC j-t-2 »Now ) =cNiT*YMOD/PSU 
S(v) + 3.NÖ*»=-CN.ST*R00T*X( I )/«SvJ 
CONTINUE 

END 

300 
J10 

340 

92 
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c 

J 

SUBWOUTlNt   FPLOKMJ .lPNT.At<.LW, 1 STOH .NC «NCMAX . V 1 «V£) 

HicSULTb   PI_ÜTT 1N(I 

L-UGICAL.   k.M(2» fUN« J80MWP(4)«».X(41 «LH« I Ml-CtaO) 
INTL&E.H «1 (2 ) »ST (2) »S<Jt2) 
OlMfcNSlUN AR (HI ) tM( li;0).HHO(30)«Z< lb) • 1ÜFF ( 2 ) . 1SP< 2 ) »bF I « 2 > • ^^2 
l.lD<2)'l3Ctp)tni<()»lP<<»l»lM<«)«IX(4>« l^<202) • IA(23b) 
EUUlVAUfcNCä ( IP( 1) «UPI I ) )•< IM( l) «L-M' J » )• «l-N« 1 )«N( I) .WHO« l> )• 

l(lX(l>«l-X(l))»(M2C.Rl(l))» (N5b.Rl «2)) 

^ATA   (Z(I)«I = i»i^)/l••l•<:^♦^•i•l•7;:J,£:••'i•b,-1•,-»•b•4•,',•s•^•,6•, 

17.»tit.9»/ 
2ATA (isp( i).i»i»8).ux{n»i»i»«>»npu»«i»i**»«< IM<II»I«II«)/ 

llC.5.<(»lMX.a»iH+t<t*0/' 
UATA    13( I ) . ID( 2 1 » liCil 1 ) . IbGt2)/'l20«bai l«-l/ 
ÜATA   LN* 1 > • I I »LCU jfLC^J^I'bOtbÜ.O.lMHLMH^^ 

1P(liTuP)173»i7c»172 
17i.   j=IPNT-t-2 

IF{J.GT.MI)GO    TU    173 
1PNT=J 
AK(J-lj^Vl 
AH{J)=V2 
DU    10   K»l»4 
IM(K)    =   NC 

J = J/2 
Lk(J).LM{2» 
1F<NC.LT.NCMAX1RCTUHN 

If(ISTUP.tü.OlKcTUWN 
HB.A0(6t 1 )UN»1) .( IK 1 » .I = li4) .«l-Cd )«l = l«20) .«LN( I ) . i=2«52> 
FURHHTCAi,£l3.2li«7lAl) 
»ikITt(6«l >LNU) t ( ll( I ).I = 1«4»»«LC« I ) .1-1 •20)« «l-N( I ) .1=2 «52) 

LJO    171    1 = 1.2 
kl(l)«iO(Il 
bC(I)=ISÜC1) 
IF( 1 K I).Nt.O)Rl I I ) = !!< 1 > 
IF(1I(K2).EG.l)SG(i)=-SG(I) 

171   ST<I) = (WKI) + l-SG(I)*(RKI)-l))/2 
lF(HtKl).GT.120)RKl) = 120 
lF(Nl(2).GT.2jair<I (21=230 

NüO  ■ Nizo/e 
N12Ü    =   6»   N20 
DO   j    lal.e: 
AM1N=AW(I) 
AMAX=AR(I) 
DO   7   J*I.IPNT»2 
AA < = AP < J) 
IFtAM1N.GT.AA1)AMJN=AA1 

7   IF( AMAX.i-T .AA1 ) Al^AXsAAl 
IF    SABS(AMlNl    .LT.    .000001)       AMIN   =   0.0 
IF   HABS«AMAx)     .uT.    .000001)      AMAX   =   0»0 
W = AM'AX-AMIN 
IF    ( AbSIP) .LT.l.E:-9.AND.AbS<AMAX).l-T.l.t-9)    »<=l.O 
IF     (AbSlW).LT.i.t-y.AMD.AMAX.UT.O«) «a-AMAX 
IF    ( A[iS(W) .LT.l.t-V.AND.AMAX.GT.O» ) W«   AMAX 

DO   d2   J=l•IE 
b=Ai-uG10<^/(KI (I )-S}/2( JM 
M = 3 
IF(b.LT.0)^ = 1^-1 

(2) 

10 

17J 

C    lOj 
1 

11 

12 
13 
14 
lb 
16 
17 

19 
20 
21 
22 
23 
24 
2E 
26 
27 
2b 
29 
30 
31 
32 
33 

3b 
37 
3d 
39 
40 
41 
42 

43 

47 
48 
49 
50 

^.^., ■:■.■.•.o.^iV-.^;v;^-^^:->i..;.-^^^^-^r^.fe^-^i- ̂
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i 

C=Z(J)»10«**(«+1) 

1 1 m 
IK(ü.LT.O>ll=ll-l 
IK((kl(l)-<i+ll)*L-AMlN)lo.l'ytiy 

lb t,« 10.»c 
iv IF( J»EU«USMl«»L 
t!^ IF(c.LT.i>MlNloMlN=t. 

i-Fl ( I ) = ( 1./SM1N)*SG( I ) 
L=A^IN/SMIN 
M = B 

IF(Ö.LT.Ü)M=:M-1 
ZFgl I )sST( I)-M»6Q( 1) 
^HO( I )=sFi:( I l+0«5i 
Mssrg«1) 
UO <i5   J=l t 10 
JP(M-J-(tM-j)/IbPU))»1SP(1)>25t3t25 

<Jb t-ONTlNut. 
J 10FF( 1 )=. 

uu ici 1=1.\bd 

10 1  IA(I)=0 

DO 102 -1=1 . IHN! t2 

1W( J) =SF1 ( 1 )»Af( ( J)+RMÜ< 1 ) 

1 T^bF K 2 ) »AR ( J-f 1 )-t-HMO ( 2 ) 

IF(J.NE.l)G0 TO 109 

1K( lPNT-»-2) =2 

IK( J+n=0 
10Ö IJ=IT 

GU Tu 102 
109 IF(1T-IJ)104tl03.l05 
104 lH(j+l)=!*(IPNT+2) 

OÜ TC 10a 
lüb l=|T+l 
106 1=1-1 

11=IA(I) 
1F( 1 1 )106. 106»1Ü7 

107 IH(J+l ) = 1H( I 1) 
IW( I 1 )=J-f 1 

1U2 IA(IT)=J+1 
LASTrlPNT-t-i 
JJ=IÜFF(21 
l.i:H = bF2( 1 ) 
L.tV = SFdld) 
i)o loo 1 = 1. Mb a 
DO 40 J=l»Ni20 

40 N(J)= 1H 
IF(<|-n»(I-N38l)140.151«140 

1S>1 DJ 141 J=1.N1J0 
14 1 N(J)  = IX(1) 
140 LN( I I=LX( 1 ) 

L.N(N120)=LXt 1 1 

IF(LZH.l_t.0.OK.L2H.ÜT.Nl20)GO TO 131 
l-N(LZH»=L.P(4) 

1Jl Nb=l 
1F(I.NE.JJIGÜ TO 3b 
Nü = ^ 
JJrJJ+b 

94 

51 
f.2 
b-J 
5« 
5b 
b6 
57 
5U 
59 
60 
61 
62 
63 
64 
65 
66 
67 
6B 
69 
70 
71 
7 

73 
74 
75 
76 
77 
70 
79 
00 
bl 
be 
b3 
a- 
b5 
ä6 
87 
ae 
bv 
90 
91 
92 
93 
94 
95 

98 

101 
1Ü2 
103 
104 
10b 
10b 
107 
ICd 
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1J=IJFFC 1 ) 

-)^   i.N{ J) iLPC* ) 
IF( I .NE..L^V)GU    Tu    Jb 
DO    13b   J=l »NWU 

Ub NUi   =   1P( 1) 
Jt    1J=IA(I) 

IF( IJ.Lü.0)GO    TO    I HI 
led   LaST=IWlLAaT) 

ia= IH(LAijT-l ) 
1IxLAST/a 
LM(2)=LW( I I ) 
I MM    =    I M ( 2 ) 
LN( I2)=LC( It-M) 
lF(LAi>T.NE. I 3)GJ   TO    120 
GO   TO    (3e»<H ) »Nb 
wMIT£(6.3y)<N(J)»J=I«N120) 
FÜRMAT(1JH t120A1» 
GO   TO    100 
AAl»I 
VALUE= (AA I-SFiiJ^ ) )/bFl (2) 
WHITE(6.42)VALUL»(N(J)aJ>l•NI20) 
FuRy,AT(lH   t lPtlO»3« 120A1) 
CUNT I Nut 
I 3aIOFF(1) 
J = 0 
UO   49    I = 13tNW0f 10 
J = J+1 
AA- 1 

49   WMQCJ)=(AA-sF2(1))/SFl(1) 
IF(10FF(1)-5)62t62«63 

62 *I^I Tc. (6.50 ) (H(1ü( 1 ) . I = 1 .U) 
i>0   FCC!MAT( 10X. 12« 1PE10.3» ) 

HET'JWN 

63 IF< J.GE..12) J=ll 
WHIITE(6«64) (RhOl I ) < i = l • J> 

64 FORMATC16X.11(lPtlO«3>) 
KETUHN 
END 

lei 
3a 

41 

42 

too 

109 
1 1C 
111 
112 

11 = 
1 to 
1 17 
11Ö 
119 
120 

121 
122 
123 

126 
127 
12e 

131 
132 
133 
134 
13b 

95 
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»ÜBMOU T »Nfc Nt «K. ( bUMAC . NW.v\ » NCM « Nt O . NBW . NtVi . NtL. S> tNUÜ « bl-P • S ♦ 
1     COLh ,NPM»A »Y »SLl ) 
titNtWATL bYsTtM MATRIX 
L^IMLN^ION COtH INPM) .X(NPM) .Y(NPM) . X'vJ ( 4 ) » YU < 4 ) 
CUMMON/CüMb/Awl 12» 12) »BUC 12. lii) .Abi^.V) .tJSCJ.S») 
CUMMüN/CUM9/CiJA(12).Cbub(12)»CSLA<9).CbLb(9) 
DIMENSION N0DlNEM»4) .S(NWM.NCM) . bl_P ( NWM ) » iL 1 ( NWM ) . PMD ( 12 »2» 

NH8W «Ne'*/2 
JÜ 480 N"I«NcLS 
11 = 1 
IF (N0D(N»4)) 402«402«404 

40^ NPEL=3 
NTF5S=1 
GO TO 410 

404 NPEL=4 
NTttb=4 
12 = 0 
DO 408 1=1«4 
Nl=NOD(N»I) 

406 IF (COEF(NI) .GT. l.OO) 
IF ( 12 .£0. 0)  .NJTWS=2 
IF (N.LE.5) NTRS=4 

4 10 DO 42'J 1 = 1 «NPtL 
Nl=NOD(N»I) 
XO(1)=X{NI) 
YU( I )=Y(N1 ) 
DO 425 0=1«3 
IS = -J*(Nl-l )+J 
IE=J*(l-l)+J 
PiviD( IE» 1 )=iLH lb) 

425   PMDl IE.2)=SLPUi) 
CALU EMuTlXO«Yü»PMD» 

DO   450   1=11,NPEL 
NW=3*(N0D<N,I)-l) 
IE=3*(1-1) 
DO   450    11=1.3 
NKirNR+1 
IE=IE+1 
S<NW.Nb»()=S(iMK»NÖ*)+CSUA(iE)+CSÜd( It) 

DO   450   J=l»NPfcL 
NC=3*(NÜD(N,J)-1)-NW+NHBW 

J£=3*(J-l) 
DO   450   JJ=1.3 
NC=NC+1 
JE=JE+1 

450   S(NR.NC)=S(NR»NC)+AU( IE.JE»-»-BO( It. JE) 

4b0   CONTINUE 
RETURN 
END 

SUMAC.NTRb) 

-—----'-—  ^ ■ - —^-.-■■■-  ^■r-- ^-  — ^—.J 
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bUBWÜUTINE   EMUT(XU.YU «PMUU.SUMAC tNTWS) 
Wt.NtWATt-   MATKlX    FON   A   UUAUW1 l_ATtWAL   Ok   TW1 
CuMMüN/C^Mtj/Au( 12* Id) «Bl-K 12. 12) . Ao» "ytV) •OS 
CvJMMoN/^.jM'y/CiJAt 12) »CbUtJ( 12) «Ci,LA«y) »CisLb 
ylMUNälON   XQC*) t YU(4) .XT(3) • YT(3) «MPO.A) 

UlMLNiilUN   PMgU( l1i«2 ) «PMTü« y.2> 
JAT A MP/I *2( j »3*4• 1 *£«3«4t4« I •*;/ 
fTOW-1.J 
lh  (NTKb .LQ» 4)  FTORaO«tJ 
DC ICC 1=1.12 
CSGA<I)=0. 
CSQB<1)=0» 
DO 100 J=l.12 
AU(I«J)=0« 
UÜ<I.J>=0* 

1Ü0 CONTINUE 
NTRA=1 
IF «iMTRS.EU,1.0R.NTRS.EO.4) GO TO 210 
MTRA=3 
NTRS=4 
DO 200 1=1.A 
IF (Y0(I).l_T. l.E-5) GO TO 200 
NTRA=1 
NTRba2 
GO TO 210 

200 CONTINUE 
210 LONTlNUt 

DO ISO I I=NTRA.i>lTHS 
DO 105 1=1.3 
N1= MP( I .I I ) 
IT=3»(1-1) 
10=3*(Nl-1) 
DO 102 0=1.3 
IT=IT+1 

DO 102 K=l.2 
102 PN.TD( IT.<<.)=Fvli-<D( lO.K) 

XT(1)=XO«Nl) 
105 YT(I)=YU(NI) 

CALL EMTC    (XT ♦ YT.PMTD.SUMAC) 
DO 130 K=l.3 
NWi3*(MP<K., I I )-l) 
ie=3*(K-l) 
DO 130 KK=l,3 
NHsNP+1 
IE=IE+1 
CSQA(NH)=CSQA(NK)+CSLA(IE)*FTUW 
CSQ6<N«)=CSQb(NK)+CSLb(IE)*FTO« 
DU 130 L=l.3 
NC=3*«MP(t_. I I )-l ) 
JE=3*(L-1) 
DO 130 U.«1,3 
NC=MC-»-l 
J£=OE+l 
AU< NR .NC ) = AQ ( iMR . NC ) ♦AS ( I E . JE ) *FT0R 
BU ( NR ,NC > = BQ ( .MR » NC ) +BS < IE • JE ) »FTOW 

130 CONTINUE 
15>0 CONTINUE 

RETURN 
END 

ANULt. 
(Si.^) 
«9) 

97 
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^0 

SUB^OUTINL FiVITC  ( XL . YL f HtLü • SUMAC) 
t-VALuATu LLEMtNT MATWlX FüW A TWIANOLL ÜY ÜAUbSlAN UUADWATuWt 
COMMON /LÜMi/MM(3)»AMT«J).AMTT(3)»T1.T2tTj.üT 
COMMON/(_üMb/Aj( i2«12).BÜ(12»l2)»Ai>(y,9).tlb(9«9) 
CüMM0N/CüM9/CSUA( 12) «CSUb< 12) »CSLA(9> «CSL.ö( V) 
DIMENSION DNX(9)»P<9).Q(9).NP(5)«B(3»«C13>.XL(3).YL(3).S<3). 

1 GpA(9)»DNXX<9).DNYY<9)«SN(9)«PELD(9«2) 
DIMENSION ElM( J,7) .WT(7) 
DIMENSION S2( i.) »W2(2) .PD(2) «Uü(2) 
DATA MMAX/^/,o^/-,b77Jb027« ,5773b027/'«M»2/2*«t-/ 
i-ATA   LV.AX/7/»WT/0»225«3wO« 1 32394 1 b t 3*0» 1^593910/ 
CATA   ElNT/J#0.3J33333J.0.0b9felbÖ7.J»0.4 7014c:0o«0.0t)V615fa7. 

I 3»0.4 7oi4<iOt) »0• 0596 lbö7»0»797426,*9. 3*0» 1012tibbl • 
c: 0.7'»74£;6yy,j)*C. 1012ti6bl »0*79742699/ 

D^TA   NP/1 «2. 3»! »«^/»GAMYA/l .40/ 
ÜC   ^    1=1,9 
CiLA(I)=ü. 
CSLÖ(I>=0. 
JC   c.   J=l»9 
AS(I.J)=0. 
bS(1.J)=0» 
CÜNTlNUc 
UO   4    I=l«3 
J=NP(l+l) 
K.=NP< I-f2) 
b(1)=YL{J)-YL(K) 
C(I)=XL(<)-xL(J) 
AkEA=0.5*<B<2)*C(3)-B(3)*C(2)) 
VÜLUME=AWtA*DT 
CST1=1.C-SQMAC 
CST2=SUMAC*{l.Q+GAMMA) 
Du 100 L=l,LMAX 
DO 10 1=1.3 
S(I)=EINT(1,L) 
CALL   OEWV(AR£A » b.C.S•DNX »DNXX.ÜNYY♦bN) 
u=o« 
UX-0. 
DO   30    1=1,9 
Pt.Lül2=PELÜ( 1,2) 
U=U+DNX<I)*PELD12 
UX=UX+DNXX(I»*PtLDI2 
AI.PHA = CSTI-CST2*U 
DO   40    1=1,9 
P < 1 )=ALPMA*DNXX < I)+DNYy( 1) 
C-( I ) =P< I )-CsT2*UX»DNX{ 1 ) 
DO 45 1=1.2 
PÜ(I)=0. 
UD<I)=0. 
Oü 45 J=l.9 
PELDJI=PELÜ(J»I) 
PD( I )=PÜ( I J+Pt.LÜJl*SN( J) 
UD( 1 )=UO( l )+Pt:Ll)Jl»DNX( J) 

1 

l 

-  ■  --- — 
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^b 

»• 

48 

bO 

bO 
100 

D0 100 M= 1 »NlMAX 
CALL Tü«V (S2 1M)»SQMAC) 
WtlG = WT<I-)»^2(M)*V0LUME 
DO AS J^X*? 
GPA( J)=P( J)-(AMT(3)*DNX« J)-fAMTT(3)*i»Nt^) ) 

SUM=0« 
DO 30 J=l*d 
3UM=iUW + 
DO 60 1=1»9 
CSA=-WLIG« 
CbB=WElG * Q( I ) 
C-SLA( I )=CSLA( I )+CSA»SUM 
CSLü<I)=CSLa{I)+CSB*SUM 
DO 60 J=l»9 
Ab(I.J)=Ab(IfJ)+CbA*GPA(J) 
bS( 1.J)=3S< I »J;+CSB*GPA<J) 
CÜNTINUc 
CONTlNUt 
HE.TUHN 
END 

» AMT(J)»UU < J)♦AMT T(J)»PQ(J) ) 

CAMT(3)»DNX( I )+AMTT(3)»isN( I ) ) 

SUBROUTINE TDKU (QPNUSQMAC) 
COMMON /CüMi/AM(3)•AMT(3>«AMTT 
«MA=SUMAC*2. 
WMa=RMA 
DTl=T2-Tl 
DT2=T3-Ta 
DT=DTl+üT2 
DNl = l,/tüT*rvTl) 
UN2=-l./tDTi*UT2) 
DN3=l./<üT»DT2) 
RETURN 
ENTRY TORV 
T=(T1+T3+OT»UPN)*•5 
AM(1)=<T-T2)»(T-T3»»DN1 
AM(2)=(T-T1)»(T-T3)*DN2 
AM(3)=<T-T1)»(T-T2)»DN3 
AMK 1 )s(T*2,-T2-T3>»DNl*RMA 
AMT(2) = (T*2»-T3-T1 )»DN2*RMA 
AMT(3)=(T*2.-T1-T2)*DN3«WMA 
AMTT(1)=DN1«RMB 
AMTT(2)=DN2»RMB 
AMTT(3)=0N3»RMB 
RETURN 
END 

(3)»Tl«T2»T3»DT 

99 
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QATÄ   NP/l«2ti»l»2/ 

H = St I )*S(2»*Sl3> 
ao üoo 1=1»3 
J=NP( i*n 
<=NP(1*2) 
SI«S(I> 
SJ=S<J) 

Bl=8( I ) 
ÜJ=B(J> 
ü<sB(K) 
Cl«C( I ) 
CJ=C(J) 
CK=C(K> 

dlSC»»Bl*bl 
ClSÜ»Cl»Cl 
ALF"AaO«5*(CK-CJ) 
BETA»0.5*<ÜJ-ÖK.) 
MX = Bl*SJ*SK4.BJ*blC*SI+BK»bI*SJ 
MXX = 2.*(S1*3J*BK.+SJ»BK*BI+SK»B1*BJ) 
HVY=2.*(SI*CJ*C^+SJ*CK»CI+SK»C1*CJ> 

CSS=6.*S1*(1«"Si> 
CS=6»*t l.-24,*SI I 
L=3»I-2 
SN(i_)sSlSu«<3.-2»*Sl >+2«*M 
0NX(L>=BI»CSS+2.*HX 
DNXX(L)=01SQ»CS+2•*HXX 
DNYY(l-)=ClS0*<wS + 2»*HYY 

CS=CK.*Sv»-CJ»S^ 

iN(L J=ili>d*Ci+ALFA*H 
3NX(L)=2•»ÖI*6I*CS+TWOA*SISQ+ALFA»HX 
DNXX(L)=2.»BISJ*CS+'».*BI*TW0A*SI+ALFA*MXX 

DNYY < L)=2.«C1SÜ*CS+ALFA*HYY 

SN(L)=SlSU«ab+BtTA*M 
0Nx«L)=2.»Bl*bI»ÖS+BETA*HX 
DNXX ( L) =2 • »B l Sv;*öS+BETA»MXX 

£00   0NYY(L)=2.*Cl^*dS+4.«CI*TW0A*i.I+BETA»HYY 

oo 300  i=i«g 
DNx( I )=DNX( I)/TW0A 
ONXX( I)=0NXX « 1)/TWÜASQ 

300 DNYY< I )=0NYY( D/TWOASQ 
RETURN 
END 
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c 

410 
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SUBHÜUTlNt BNüE^tA.NRMAX«NCMAXtN.ITEHM) 
EUUATIÜN iüLVtK FOk QANDEÜ NON-SYMMtTRIC SYSTtM ÜF tUUATlONS 
USING GAUSSIAN tLlMlNATlON 
aUUuTIÜN iTrRtD IN THE COL.UMN  A( N» 2» I TtWM ) 
OIM&NSION AiNKMMXtNCMAX) 
CeRO=l.E-06 
PASE. = CLWÜ«*2 
Nt3ND = 2*lTERM 
NcJM    =   NOND   -    1 
BEGINS ELIMINATION OF THE LOWER LEFT 
DO 1000 1=1. N 
IF ( ABS(A( 1 »ITtRMM  .LT.  CEHO) 
60 TO 430 
IF ( Aa3(A(I»ITtRM))  .LT»  PAWE) 
PRINT 420» A(1»1TERM). I 
FORMAT (34H WAKNiNG—ILL-CÜNOIT1ONtO A-MATRI X«E16.6.5X»14) 
1PIT=I+1TERM-1 
JLAST=MINO(IP1T»N) 
L = I TERM ■♦■ 1 

GO TO 410 

GO TO 1600 

•LT»  PARE)  GO TO 500 

DO 500 J=l« JLA6T 
L = L - I 
IF ( AbS(A(J»L)) 
B *    A(J*L> 
DO 450 K«U« NbND 

450 A{J»K) • A(jiK.) / B 
IF (I  «EU.  N)  GO TO 1200 

5ÜC CONTINUE 
l- = 0 
JFIRST = I + i 
IF (JLAST  .LL, 
DO 900 0= JFlKST» 
L = L+l 
ITL=ITERM-L 
IF C ABS(A(J*ITL)) 
JML=J-L 
DO 600 KslTERM» NBM 

bOO A( J«»<ML)=A( JML»K.)-A<0«KML> 
A(J «NBNÜ)= A(JML » NbND >-A{J « NBNÜ) 
NlT»N-lTERM+l 
IF (I .GE. NIT)  GO TO 900 
DO 800 »<=l » L 
NbND<=NBND-K 

800 A(J«NbNüK)«-A(J»NbNDK) 

i)  GO TO 1000 
JLAST 

•LT» PARE)  GO TO 900 
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900   CONTINOt 
100 0   CONTINUE 

C bAC<-SUBSTITUTIÜN 
lÜOO   L   =    ITEK»M   -    1 

00    1500    I=2t    N 
DO    1500   J=I•    L 
ITJ=IT£WM+J 
NPl=N+l-l 
NPIJ=NPI*J 
IF (NPIJ .GT« N»  GO TO 1500 
A<NPI.NaNO)=A(NPI»NöND)-A(NPlJ.NbNÜ)*A(NPUITJ) 

1500 CONTINUE 
WtTURN 

C      PRINT THE ENTIRt MATRIX IF ZERO ON MAIN ÜlAOONAL 

1600 PRINT 1601 
160 1 FORMAT <2<2H IcRJ   ON   MAIN UIAGONAl.) 

UÜ 1603 I«I» N 
1602 PRINT 1603» (A(I»J)» J=1• NBNO) 
1603 FORMAT (10E12.4) 

STOP 
END 
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